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Preface 
This master thesis was performed as the final assignment to obtain the master degree in medical and 
molecular biology from the Department of Science, Systems and Models, Roskilde University, Denmark. The 
experimental studies were conducted from September 2011 to November 2012 at the Department of 
Clinical Microbiology, Slagelse Hospital, Denmark. The aims of the study was to develop a first-line 
identification method based on the 16S-23S Intergenic Spacer region (ITS1-region) sequence analysis for a 
group of Gram-positive, catalase-negative coccal shaped non-hemolytic Streptococcus-like genera. 
 
The thesis is organized with an introduction section followed by the “materials and methods” section. 
Results from the experimental studies are presented and discussed in the “results and discussion” section. 
Finally, a general discussion section concerning the usability of the ITS1-region can be found right before 
the conclusions. 
 
I was selected to present results obtained from this master thesis concerning ITS1-region sequence 
analysis of the genus Aerococcus strains on the 22nd European Congress of Clinical Microbiology and 
Infectious Diseases in London, March 2012. The presentation had the following title: “16S-23S Intergenic 
Spacer (ITS) region sequence analysis for Aerococcus species identification,” [Carkaci, D., M. Hammer, L. 
Hannecke, R. Dargis, U.S. Justesen, M. Kemp, A. Løbner-Olesen, J.J. Christensen, X.C. Nielsen, Slagelse, 
Roskilde, Copenhagen, and Odense, Denmark], see appendix IIIa. 
 
I was also selected to present results from the entire master thesis at the “Forskningens Dag”, 2012, 
Næstved Hospital, Denmark and at the 52nd Interscience Conference on Antimicrobial Agents and 
Chemotherapy, 2012, San Francisco, USA. The presentations had the following title: ”16S-23S Intergenic 
Spacer (ITS) region sequence analysis and species identification of the genera Aerococcus, Abiotrophia, 
Gemella, Granulicatella, and Leuconostoc,” [Carkaci, D., M. Hammer, L. Hannecke, U.S. Justesen, M. Kemp, 
A. Løbner-Olesen, R. Dargis, J.J. Christensen, X.C. Nielsen, Slagelse, Roskilde, Copenhagen, and Odense, 
Denmark], see appendix IIIb and appendix IIIc. 
 
Furthermore, data from this master thesis are under preparation for a publication in the Journal of 
Clinical Microbiology with the following title: “Species identification of the genera Aerococcus, Abiotrophia, 
Granulicatella, Gemella and Leuconostoc based on sequence analysis of 16S-23S Intergenic Spacer Region 
(ITS),” [Nielsen, X.C., D. Carkaci, R. Dargis, M. Hammer, L. Hannecke, U.S. Justesen, M. Kemp, J.J. 
Christensen, Roskilde, Copenhagen, and Odense, Denmark]. 
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 Abstract 
Species identification of Gram-positive, catalase-negative, coccal shaped non-hemolytic streptococci is 
challenging with conventional phenotypic methods. Sequence analysis of the highly conserved 16S 
ribosomal Ribonucleic acid (rRNA) gene is insufficient for closely related species such as the non-hemolytic 
streptococci. Bacterial identification with sequence analysis of the 16S-23S Intergenic Spacer region (ITS1) 
has shown to be better target with the Strep16S_1471F and 6R-IGS primers.  
Gram-positive, catalase-negative, coccal shaped non-hemolytic Streptococcus-like genera, not belonging 
to the genera Streptococcus or Enterococcus are fastidious organisms regarding identification with 
phenotypic examinations. The purpose of this study was to examine the usability of sequence analysis of 
the ITS1-region with six primer pairs for identification of bacteria belonging to the following genera; 
Aerococcus, Abiotrophia, Gemella, Granulicatella, and Leuconostoc, plus 10 related genera within the same 
group only represented with type strains. These genera are among other thing associated with infective 
endocarditis. 
Polymerase chain reaction (PCR) with Strep16S_1471F and 6R-IGS primers achieved one major PCR 
product and the ITS1-region sizes were between 198-375 bp. Accurate species identifications were 
obtained for Aerococcus (n = 37), Abiotrophia (n = 2), Granulicatella (n = 9), and Leuconostoc (n = 5) strains. 
The maximum score differences to next best taxon match were higher than 10 (129-318 difference) and 98-
100 % identities with the corresponding type strain ITS1-regions. Clinical strains and the corresponding type 
strains formed phylogenetic clustering and low intra- (≤0.031) and high interspecies (≥0.121) ITS1-region 
distances were observed. 
Accurate species identification was also obtained for Gemella strains (n = 22) with higher than 10 
maximum score differences (11-150 difference) to the next best taxon match and 99-100 % identity with 
the corresponding type strain ITS1-regions. Lower than 10 maximum score difference to the next best 
taxon match was observed for two strains, either of Gemella haemolysans or Gemella morbillorum and with 
only 94-95 % identity with the Gemella haemolysans and Gemella morbillorum type strain ITS1-regions. 
Except for Gemella haemolysans and Gemella morbillorum strains, distinct phylogenetic clustering was 
observed for the clinical Gemella strains with their corresponding type strains. Unfortunately, low intra- 
(≤0.056) and interspecies (≥0.025-0.113) ITS1-region distances were observed. 
Thus, sequence analysis of the ITS1-region could potentially be considered as a first-line identification 
target for Gram-positive, catalase-negative, coccal shaped non-hemolytic Streptococcus and non-hemolytic 
Streptococcus-like genera.  
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Resumé 
Arts identificering af Gram-positive, katalase-negative, kugleformede ikke-hemolytiske streptokokker er 
besværligt med traditionelle fænotypiske metoder. Sekvens analyse af den konserverede 16S ribosomale 
RNA (rRNA) gen er utilstrækkelig til tæt relaterede arter såsom de ikke-hemolytiske streptokokker. 
Bakteriel identificering med sekvens analyse af 16S-23S Intergenic Spacer regionen (ITS1) har vist sig at 
være et bedre redskab med Strep16S_1471F og 6R-IGS primerne.  
Gram-positive, katalase-negative, kugleformede ikke-hemolytiske Streptococcus-lignende slægter, ikke 
tilhørende Streptococcus eller Enterococcus slægterne, er besværlige organismer angående identificering 
med fænotypiske metoder. Formålet med dette studie var at undersøge anvendeligheden af ITS1-region 
sekvens analyse med seks primer par til identificering af bakterier tilhørende følgende slægter; Aerococcus, 
Abiotrophia, Gemella, Granulicatella, og Leuconostoc, samt ti relaterede slægter indenfor samme gruppe 
kun repræsenteret ved type stammer. Disse slægter er blandt andet associeret med infektiøs endokarditis. 
Strep16S_1471F og 6R-IGS primerne var hovedsageligt i stand til at amplificere ét polymerase chain 
reaction (PCR) produkt og ITS1-region størrelserne var mellem 198-375 bp. Korrekt arts identificering er 
opnået for Aerococcus (n = 37), Abiotrophia (n = 2), Granulicatella (n = 9), og Leuconostoc (n = 5) 
stammerne. De maximum score forskellen til næst bedste taxon match var højere end 10 (129-318 forskel) 
og 98-100 % identitet med tilhørende type stamme ITS1-regioner.  De kliniske stammer samt de tilhørende 
type stammer dannede fylogenetiske grupperinger og lave intra- (≤0.031) og høje interspecies (≥0.121) 
ITS1-region distancer blev observeret.  
Korrekt arts identificeringer af Gemella stammer (n = 22) er også opnået med højere end 10 maksimum 
score forskel (11-150 forskel) til næst bedst taxon match og 99-100 % identisk med tilhørende type stamme 
ITS1-regioner. Mindre end ti maksimum score forskel til næst bedst taxon match blev observeret for to 
stammer, enten Gemella haemolysans eller Gemella morbillorum og med kun 94-95 % identitet med 
Gemella haemolysans og Gemella morbillorum type stamme ITS1-regionerne. Foruden Gemella 
haemolysans og Gemella morbillorum stammerne blev der observeret adskilte fylogenetiske grupperinger 
af Gemella stammer med tilhørende type stammer. Desværre blev der observeret lave intra- (≤0.056) og 
interspecies (≥0.025-0.113) ITS1-region distancer. 
Hermed kan det fastslås, at sekvens analyse af ITS1-region kan potentielt anses som et første-valg 
identificerings metode for Gram-positive, katalase-negative, kugleformede ikke-hemolytisk Streptococcus 
og ikke-hemolytisk Streptococcus-lignende slægter. 
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1 Introduction 
1.1 The importance of microorganism identifications 
Taxonomy of microorganisms is defined as the science of biologic classification and is divided into three 
units; classification, nomenclature, and identification. Classifications arrange organisms into taxonomic 
groups based on similarity, nomenclatures are used to give names to the taxonomic groups, whereas 
identifications determines which kinds of microorganisms we are dealing with (Vandamme, 2011). Accurate 
microorganism identifications are of importance in many aspects of life and especially of great importance 
when these organisms are involved in infectious diseases, food industry, and biologic weapon formulations 
(Vandamme, 2011; Higgins et al., 1999; Moreira et al., 2005). Modern taxonomy relies on polyphasic 
analysis including phenotypic, genotypic, and phylogenetic examinations (Vandamme et al., 1996). 
Medical microbiology is based on phenotypic characterization such as culturing of microorganisms, 
colony morphology and biochemical reactions outcomes (Gurtler & Stanisich, 1996). Rapid and accurate 
microorganism identification gives important and priceless information regarding treatment of infectious 
diseases; (i) The pathogen identification can give hints to the diagnosis of a disease, (ii) pathogen 
identification can be associated with specific body sites and thus provide information regarding where the 
primary focus might be located, (iii) pathogen identification will contribute to elimination of the pathogen 
with the most effective antibiotics and thus higher survival rates, and (iv) a correct identification is of 
importance when performing research activities to better understand the underlying mechanisms of a 
certain disease (Spratt, 2004). Correct identification is of great importance for surveilling of worldwide 
antibiotic resistant microorganisms. Moreover, correct identifications gives the opportunity for a better 
understanding of the pathogens, their ecology, epidemiology, and virulence (Fisher & Phillips, 2009).  
 
1.2 Phenotypic identifications 
For long times, phenotypic identifications were the way of identifying microorganisms, and not seldom 
also a challenge for the clinical laboratories. Conventional identification methods were based on 
phenotypic characteristics such as biochemical characterizations, microorganism cultivations, morphology 
examinations, Gram-staining, hemolysis performances, motility etc. (Janda & Abbott, 2002). Morphologic 
examinations were composed of the shape of the microorganisms (cocci, bacilli, spiral etc.), whether or not 
these were arranged in pairs, chains, clusters, and whether or not being Gram-positive or Gram-negative 
bacteria according to the chemical and physical properties of the bacterial cell wall (Willey2, Sherwood, & 
Woolverton, 2008). The hemolysis test divides bacteria according to the ability to induce erythrocyte 
hemolysis on blood agar plate. The following three test results can be observed; alpha hemolysis (partial 
lysis, greenish color), beta hemolysis (complete lysis, yellowing clearing zone), or gamma hemolysis (no lysis 
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induced) (Willey3, Sherwood, & Woolverton, 2008). Figure 1 gives an example of alpha, beta, and gamma 
hemolysis. 
Biochemical tests are performed as miniaturized tests 
reactions and semiautomatic with commercial systems such as 
the Rapid ID 32 Strep and Vitek 2 (Biomérieux, 2012; Freney et 
al., 1992). Identification of microorganisms with phenotypic 
methods has always been a difficult and this is even a greater 
challenge when otherwise related strains did not exhibit the 
same common characteristic (Beighton, Hardie, & Whiley, 
1991; Kilian, Mikkelsen, & Henrichsen, 1989; Bosshard, Abels, 
Altwegg, Bottger, & Zbinden, 2004). Traditionally, 
microorganism identifications were carried out with 
phenotypic methods. Usually, the phenotypic identification methods can’t be used when microorganism 
growth failed when being fastidious or uncultivable microorganisms.  (Hansen, Beuving, Bruggeman, & 
Wolffs, 2010). The development of numerous genotypic identification methods made microorganism 
identification more sensitive, accurate, and rapid (Cook, Turenne, Wolfe, Pauls, & Kabani, 2003). 
1.3 Genotypic identifications 
Some of the most widely used molecular methods are the polymerase chain reaction (PCR) and 
nucleotide sequence analysis (Spratt, 2004). PCR is a polymerase based amplification reaction which 
increases the number of the target gene, whereas deoxyribonucleic acid (DNA) sequence analysis 
determines the target sequences. When selecting target genes, special emphasis has to be made to localize 
highly conserved genes that can be used for comparative and phylogenetic analysis among different species 
and genera.  
In the beginning of the 1980s, Woese performed an excellent work on the use of the ribosomal 
ribonucleic acid (rRNA) genes for bacterial identification and taxonomy. He denominated the rRNA genes as 
the “ultimate molecular chronometers” (Woese, 1987). The reason for selecting rRNA genes as targets for 
identifications were the fact that these genes were located in the highly conserved ribosome complexes. 
The concept of conserved genes was first proposed by Dubnau in 1965. Dubnau was able to show the 
presence of some conserved “core” genetic materials and some genes encoding for ribosomal and transfer 
RNAs (tRNA) in strains from the genus Bacillus. Among these genes was the 16S rRNA gene which is part of 
the ribosome responsible for translation reactions (Dubnau, Smith, Morell, & Marmur, 1965). 
 
Figure 1. Alpha hemolysis (Streptococcus mitis), 
beta hemolysis (Streptococcus pyogenes), and 
gamma or non-hemolysis (Streptococcus 
salivarius) [W1].  
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1.3.1 Prokaryotic ribosomal RNA operon 
The ribosome consists of a large 50S 
subunit and a small 30S subunit 
integrated with rRNA genes and 
polypeptides, Figure 2. The S stands for 
the Svedberg unit and measured 
particle sizes. Prokaryotic ribosomal 
RNA (rrn) operons consist of three 
highly conserved rRNA genes arranged 
mainly in the following gene order of 
16S rRNA, 23S rRNA, and 5S rRNA 
gene, Figure 3 (Woese, 1987; Anton, Martinez-Murcia, & Rodriguez-Valera, 1998; Barry, Colleran, Glennon, 
Dunican, & Gannon, 1991; Schneider, Ross, & Gourse, 2003). The 30S subunit contains the 16S rRNA gene 
and polypeptides which cross-links to conserved sequences upstream the start-codon of the mRNAs, and in 
this way the mRNAs are ready to be 
translated (Willey1, Sherwood, & 
Woolverton, 2008). The 50S subunit 
consisting of the 23S rRNA gene, 5S rRNA 
gene and polypeptides are attached to the 
mRNA-30S subunit and initiates polypeptide 
chain formations (Stade, Rinke-Appel, & 
Brimacombe, 1989; Rinke-Appel et al., 1994). 
It is strongly suggested that the 23S rRNA gene is associated with peptidyl transferase activity forming 
peptide bonds between amino acids (Tyrrell, Bethune, Willey, & Low, 1997). 
rRNA genes are found in all living organisms with the same function in protein translation supporting 
that these genes may be part of a critical cell function (Olsen, Woese, & Overbeek, 1994; Spratt, 2004). 
Since rRNA genes are highly conserved, it is assumed that these genes were not tolerated to genetic 
changes, and therefore may serve as perfect target for identifications (Clarridge, III, 2004). An increased 
need for still more rapid and more effective identification is not met with conventional identification 
methods. Therefore, the molecular identification methods with the 16S rRNA genes has provided an 
important alternative (Patel, 2001). 
1.3.1.1 The 16S and 23S rRNA genes 
Identification of microorganisms  can be performed by comparing 16S or 23S rRNA gene  sequences 
from unknown microorganisms with those already deposited in different databases (Anguita-Alonso & 
Patel, 2004). Sequence analysis of the 16S rRNA gene is the most widely used target gene for identification 
Figure 3. Typical rRNA gene arrangement of prokaryotic rrn operons 
with the following gene; 16S rRNA, 23S rRNA, and 5S rRNA. The figure 
shows also the ITS-regions and tRNA genes. The number and types of 
tRNAs can vary from species to species (Morgan, Ikemura, Post, & 
Nomura, 1980). 
 
Figure 2. Prokaryotic 70S ribosome is composed of the 30S and 50S subunit. 
Each subunit consists of ribosomal RNA genes and polypeptides [W2]. 
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of microorganisms. Taxonomic groups may not have undergone the same type of genetic changes and even 
not at the same time, place, and rate, which have a great impact for identification of related strains since 
these more or less have the same 16S rRNA gene (Clarridge, III, 2004). 
The 16S rRNA gene is about 1,550 bp long and composed of conserved, variable, and hypervariable 
regions containing sufficiently information for identification (Clarridge, III, 2004; Spratt, 2004). The 23S 
(approximately 3 kb) and 5S rRNA gene (approximately 120 bp) have also been used for bacterial 
identification. Because more primer sets are needed for the 23S rRNA gene sequence analysis and  because 
the 5S rRNA gene size is too small to contain sufficient information for identification (Gray, Burger, & Lang, 
1999), it is easier to use the 16S rRNA genes for identification (Gurtler & Stanisich, 1996). The 16S rRNA 
gene has also been used successfully for bacterial identification of fastidious, unusual, and slow-growing 
bacteria being difficult based on phenotypic examinations (Sonksen et al., 2010; Woo, Lau, Teng, Tse, & 
Yuen, 2008). Fastidious organisms are defined as organisms which need some special nutritionally and 
environmentally requirements for growth (Tornos, Gonzalez-Alujas, Thuny, & Habib, 2011; Sonksen et al., 
2010; Brouqui & Raoult, 2001). 
 Challenges arise when using the 16S rRNA gene for identification of closely related groups of bacteria 
for which the 16S rRNA gene is not sufficiently discriminative due to few sequence variations or high 
similarity (Woese, 1987; Kawamura, Hou, Sultana, Miura, & Ezaki, 1995; Barry et al., 1991; Guasp, Moore, 
Lalucat, & Bennasar, 2000). Even though sequence analysis of the 16S rRNA gene has been used for 
classification of numerous bacteria including streptococci into six groups (Kilian, 2005), some closely related 
species may be difficult to separate from each other by this method. An example is within the 
Streptococcus genus where Streptococcus pneumonia (S. pneumonia), Streptococcus pseudopneumoniae, 
Streptococcus mitis (S. mitis) and Streptococcus oralis (S. oralis) exhibits more than 99 % identity 
(Kawamura et al., 1995). 
1.3.1.2 The Intergenic Spacer regions 
As an alternative to the widely used 16S rRNA gene, research groups have used the Intergenic Spacer 
(ITS) region between the highly conserved rRNA genes for identification of closely related organisms (Barry 
et al., 1991; Jensen, Webster, & Straus, 1993; Leblond-Bourget, Philippe, Mangin, & Decaris, 1996). The 
ITS1-region is denominated for the region between the 16S and 23S rRNA genes and the ITS2-region for the 
spacer region between the 23S and 5S rRNA gene (Jensen et al., 1993; Nour, 1998). The ITS1- and ITS2-
region is thought to be under minimal selective pressure compared to the 16S, 23S, and 5S rRNA genes 
which is highly conserved genes (Barry et al., 1991; Leblond-Bourget et al., 1996; Yoon, Lee, & Park, 1998). 
The ITS-regions are non-coding, but some strain contains tRNA sequences within the ITS1-regions or 
downstream the 5S rRNA gene. Additionally, the ITS-regions contains segments for RNase enzyme 
recognitions involved in the splicing process for removal of the ITS-regions from the rRNA genes and for 
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removal of the tRNA sequences (Apirion & Miczak, 1993). Since the ITS-regions only are regions with non-
coding functions these may have accumulated a higher degree of genetic changes which is the opposite of 
the highly conserved rRNA genes (Tyrrell et al., 1997). For the ITS1-regions, a higher degree of genetic 
changes explains greater variation in ITS1-region sizes and nucleotide compositions among bacterial species 
than seen for the 16S and 23S rRNA genes (Berridge et al., 1998; Kumari et al., 1997; Leblond-Bourget et al., 
1996; Tyrrell et al., 1997). 
 Both the ITS1- and ITS2-region has been used for identification of microorganism with successful results 
(Forsman, Tilsala-Timisjarvi, & Alatossava, 1997; Gurtler & Stanisich, 1996; Jensen et al., 1993; Tyrrell et al., 
1997). The ITS1-region is even a better way of determining the identifications of microorganisms than the 
16S or 23S rRNA gene sequence analyses. These ITS1- and ITS2-regions were used for strains belonging to 
the genera Clostridium (Barry et al., 1991), Streptococcus milleri group (Whiley, Duke, Hardie, & Hall, 1995), 
staphylococci  (Mendoza, Meugnier, Bes, Etienne, & Freney, 1998), Listeria ssp. (Vaneechoutte et al., 1998), 
the slow-growing Acidithiobacillus ssp. (Bergamo et al., 2004) and Mycobacteria (Ji, Kempsell, Colston, & 
Cox, 1994), Lactococcus ssp. and many other species and genera (Berthier & Ehrlich, 1998; Blaiotta et al., 
2002).  
 
1.4 Infective endocarditis  
1.4.1 Definition of infective endocarditis and disease progression 
Infective endocarditis (IE) is an infectious 
disease affecting the inner heart surface and 
usually the heart valves (Cabell, Abrutyn, & 
Karchmer, 2003).  
Often IE starts as a non-bacterial associated 
thrombotic vegetation on heart valves due to 
results of endothelial changes affecting valve 
structures. Degenerative, congenital, rheumatic 
fever, mitral valve prolapsed, valve stenosis and 
many other types of conditions affects heart 
valves including intravenous (IV) drug abusing 
(Habib et al., 2009). 
The heart is a muscular organ connecting the 
pulmonary and systemic circulation, and is composed of four chambers, right and left sided atrium and 
ventricle figure 4. Heart valves are positioned between the atrium and ventricle which opens and closes 
Figure 4. Cross-section of a heart and the inside structures of it. 
The blue and red arrows show the direction of the oxygen-poor 
and oxygen-rich blood through the heart. Four heart valves are 
present; aortic, tricuspid, mitral, and pulmonary valves [W3].  
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during the heart beats to ensure a proper one direction blood flow. In this way backwards blood flow is 
hindered (Seeley, Stephens, & Tate, 2008). Predisposing factors such as anatomical changes of heart valves 
are affecting the one direction blood flow through the heart by creating turbulence blood flow. Thrombi 
formed in external body parts have the ability to travel with the blood and “settles down” in the sites with 
anatomical changes such as the heart valves. Soon after, the thrombi forms vegetation with matrix ligands, 
fibrins and platelets and the patients are suffering from endocarditis symptoms. This condition is called as 
non-bacterial endocarditis (Fowler, Scheld, & Bayer, 2010).  
Infective endocarditis is bacterial endocarditis. Transiently bacteria in 
the blood have the ability to adhere to the non-bacterial platelet-fibrin-
clot vegetations and initiates proliferation. Untreated, this condition will 
destroy the inner heart tissue such as heart valves (Bagg, MacFarlane, 
Poxton, & Smith, 2006). Figure 5 shows a proposed pathway for IE 
development (Fowler et al., 2010).  
Some of the virulence genes of certain species of staphylococci, 
streptococci, and enterococci, such as adhesion molecules, are 
responsible for aggregation to platelets (Ward, 1996; Fowler et al., 2010). 
Quite a few  virulent genes have been discovered mediating binding to 
human cells of viridans streptococci strains (Nobbs, Lamont, & Jenkinson, 
2009). One example was given with the FimA protein which has been 
shown to mediate attachment of viridans streptococci to platelet-fibrin 
matrices in vitro. The same study has also showed the FimA gene 
homology widely distributed among other viridans streptococci and 
enterococci species (Viscount, Munro, Burnette-Curley, Peterson, & Macrina, 1997).  
The presence of foreign devices and immunodeficiencies are two of the predisposing factors for IE (Bagg 
et al., 2006; Mitchell, Kumar, Robbins, Abbas, & Fausto, 2007; Strom et al., 2000).  
1.4.2 Diagnosis 
IE diagnosis is based on multiple parameters, such as the clinical manifestations, and microbiological and 
echocardiographic findings. IE can be classified according to localization of the infection and mode of 
acquisition. IE can be divided into left-sided heart valves (aortic and mitral valves) and right-sided heart 
(pulmonary and tricuspid valves), and whether or not native or prosthetic heart valves are affected. 
Foreign-device-related IE is also observed (Habib et al., 2009).  
Figure 5. Proposed pathogenesis 
pathway of developing IE. This 
pathway was obtained and revised 
from Fowler et al., 2012. 
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The mode of acquisitions for IE are health 
care-associated IE (hospital-acquired 
nosocomial IE or non-nosocomial IE), 
community-acquired IE, or intravenous drug 
abuse-associated IE (Habib et al., 2009). 
  The probability of IE is defined as 
"definite," "possibly," or "rejected” based on 
the modified Duke criteria, Table 1 (Li et al., 
2000). The modified Duke criteria are widely 
used for diagnosis of IE and are divided into 
major and minor criterions. The major criteria 
are positive blood culturing, microbial 
findings, and echocardiographic imaging. The 
minor criteria are predisposing heart disease, 
serologic evidence of microorganisms, and 
fever were present (Li et al., 2000).  
Two types of echocardiographic analysis 
are used for IE diagnosis, transesophageal 
echocardiography (TEE) and transthoracic 
echocardiography (TTE). TEE is the most 
sensitive (90-100 %) compared to TTE (40-63 
%) (Evangelista & Gonzalez-Alujas, 2004; 
Pedersen et al., 1991; Shively, Gurule, Roldan, 
Leggett, & Schiller, 1991; Tornos et al., 2011).  
1.4.3 Incidence and prognosis 
The incidence of IE has been estimated as 3-10 episodes per 100,000 person-years (Berlin et al., 1995; 
Hoen et al., 2002; Hogevik, Olaison, Andersson, Lindberg, & Alestig, 1995; van der Meer, Thompson, 
Valkenburg, & Michel, 1992). The incidence in Denmark is between 300-400 cases per year (Fenger, 2002). 
The mortality rates of native and prosthetic valve IE were of 25 % (Mylonakis & Calderwood, 2001), and 
between 20-30 % of left-sided IE (Tornos et al., 2005; Cabell et al., 2002). 
The epidemiologic profile of IE has changed during the last few decades. Previously, IE was prominently 
affecting young adults in industrialized countries, but today IE is mostly affecting older patients > 60 years 
as results of health-care associated procedures, e.g. patients with prosthetic valve, degenerative heart 
disease etc. The male to female ratio is 2:1, but with even worse prognosis for women IE (Sambola et al., 
Table 1. Modified Duke criteria used for diagnosis of IE.  
Reproduced from Li et al., (Li et al., 2000). 
* Transesophageal echocardiography recommended in prosthetic valve 
patients and clinically “possibly” IE patients. 
HACEK group members (Haemophilus ssp., Actinobacillus ssp., 
Cardiobacterium ssp., Eikenella ssp., and Kingella ssp.) 
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2010; Aksoy et al., 2007).  Additionally, a systematic review of 15 population-based investigations from 
seven developed countries showed an increased incidence of prosthetic valve IE and an increase level of 
mitral valve prolapsis as predisposing factors (Tleyjeh et al., 2007).  
1.4.4 Causative agents  
Numerous different causative agents in positive blood cultures have been associated with IE, some more 
frequent than other. Both Gram-positive and Gram-negative agents have been isolated from IE patients. 
Previously, the Gram-positive streptococci (60-80 %) was the most dominated causative agents, and to a 
lesser extent the staphylococci (20-35 %) and enterococci (Murdoch et al., 2009). Today, the degree of 
staphylococci associated IE is more dominant than the streptococci associated IE as a result of increased 
degree of IV drug abusing and increased number of immunodeficient patient (Alonso-Valle et al., 2010).  
Streptococcal IE are usually associated with slow progression of valvular damage, whereas 
Staphylococcus aureus has become the most common agent of IE in the developing countries with an 
extremely aggressive progression of valvular damage. Therefore, staphylococci associated IE has the 
highest level of morbidity and mortality and the mortality rate of Staphylococcus aureus prosthetic valve IE 
have been reported as 50 % (Chirouze et al., 2004). 
Fastidious Gram-negative bacilli of HACEK group members (Haemophilus ssp., Actinobacillus ssp., 
Cardiobacterium ssp., Eikenella ssp., and Kingella ssp.) accounts for 5-10 % of IE  and fungi associated IE 
have also been reported as the causative agents with less than 1 %  (Tornos et al., 2011).  The Gram-
negative Bartonella ssp. and Coxiella ssp. are fastidious bacteria and causative agents of IE (Brouqui & 
Raoult, 2001). 
Non-hemolytic streptococcal ssp. and related genera are causative agents of IE even though they are 
commensal organisms of the upper respiratory tract (Douglas, Heath, Hampton, & Preston, 1993; Facklam, 
2002). Some other non-hemolytic streptococcus-like bacteria not belonging to the genus Streptococcus or 
Enterococcus have gained increased attention as causative agents of IE. These bacteria belongs to the 
genera Aerococcus (Christensen et al., 1995), Gemella (Nandakumar & Raju, 1997), Leuconostoc (Vazquez 
et al., 1998), and the previously nutritionally variant streptococci allocated to the genera Abiotrophia and 
Granulicatella (Christensen & Facklam, 2001). Usually, these bacteria are found in the normal oral flora, 
gastrointestinal and genitourinary tracts of humans (Cattoir, Kobal, & Legrand, 2010; Mikkelsen, Theilade, 
& Poulsen, 2000; Namdari et al., 1999; Ruoff, 1991). 
 The genus Aerococcus composes of A. christensenii, A. sanguinicola, A. suis, A. viridans, A. 
urinaehominis, and A. urinae strains (Christensen, Korner, & Kjaergaard, 1989; Christensen1, Vibits, Ursing, 
& Korner, 1991; Christensen2, Gutschik, Friis-Moller, & Korner, 1991; Facklam, Lovgren, Shewmaker, & 
Tyrrell, 2003; Ibler et al., 2008; Kass, Toye, & Veinot, 2008). Besides of being causative agents of IE, some 
species belonging to this genus have also been associated with meningitis, urinary tract infections and 
arthritis (Christensen et al., 1995; Nathavitharana et al., 1983; Taylor & Trueblood, 1985). 
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There are six species belonging to the genus Gemella; Gem. bergeri, Gem. cuniculi, Gem. haemolysans, 
Gem. morbillorum, Gem. palaticanis, and Gem. sanguinis. Strains belonging to Gem. bergeri, Gem. 
haemolysans, and Gem. morbillorum, Gem. sanguinis have been associated with IE (Kaufhold, Franzen, & 
Lutticken, 1989; Logan, Zheng, & Shulman, 2008; Gundre, Pascal, Abrol, Kupfer, & Tessler, 2011; Elsayed & 
Zhang, 2004; Zakir, Al-Dehneh, Dabu, Kapila, & Saric, 2004; Collins, Hutson, Falsen, Sjoden, & Facklam, 
1998; Collins, Hutson, Falsen, Sjoden, & Facklam, 1998). Gem. haemolysans strains has also been associated 
with liver abscess (Malik et al., 2010), and Gem. morbillorum with brain abscess (Liberto et al., 2006) and 
septic shock (Vasishtha, Isenberg, & Sood, 1996). 
Granulicatella ssp. and Ab. defectiva strains are part of the oral flora, the genitourinary tract and the 
intestinal tract, and both genera have been associated with IE (Cargill, Scott, Gascoyne-Binzi, & Sandoe, 
2012; Woo2 et al., 2003). The Gra. adiacens and G. elegans species have also been reported as causative 
agents of IE (Assche & Stephens, 2008; Christensen & Facklam, 2001; Ohara-Nemoto, Tajika, Sasaki, & 
Kaneko, 1997). 
 Leuconostoc ssp. is also associated with endocarditis and constitutes a group of lactic bacteria of great 
interest in food microbiology (Vazquez et al., 1998; Starr, 2007). Though not all species of the genus 
Leuconostoc are catalase-negative, we included clinically relevant species of the genus Leuconostoc as they 
increasingly causes hospital acquired bacteremia in immunocompromised patients (Albanese et al., 2006; 
Bou et al., 2008; Florescu, Hill, Sudan, & Iwen, 2008). 
1.4.5 Challenges in determining the accurate species identification of the non-hemolytic 
streptococci and Streptococcus-like genera 
Conventional phenotypic identification methods are widely used for identification of streptococcus ssp., 
but not sufficiently for accurate species identifications (Hoshino, Fujiwara, & Kilian, 2005). Accurate species 
identification of non-hemolytic commensal organisms is linked with issues in the use of conventional 
phenotypic examinations. Sequence analysis of the 16S rRNA gene of Streptococcus ssp. has been used for 
identifications to the genus level. However, strains belonging to the same group, like Mitis group 
streptococci cannot be differentiated by this method because of the high homology in their 16S rRNA gene 
(Kawamura et al., 1995). An accurate identification of the underlying organism is a prerequisite for 
understanding the pathogenesis of the infection, and the phenotypic identification methods are often 
insufficient in identifying the non-hemolytic streptococci.  
Phenotypic identification methods are often of low discriminatory power when identification of 
microorganisms resembling the genus Streptococcus ssp. The phenotypic, biochemical and physiologic 
analysis the Streptococcus-like organisms were often misidentified as streptococcal species. Cases have 
been reported in which Aerococcus strains were misidentified as streptococci, Enterococcus, Pediococcus, 
Lactococcus, or Leuconostoc strains (Slany, Freiberger, Pavlik, & Cerny, 2007; Bosley et al., 1990; Alozie, 
Yerebakan, Westphal, Steinhoff, & Podbielski, 2012; Christensen & Skov, 2006). Gemella strains were 
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frequently misidentified as belonging to the genera Streptococcus, Leuconostoc, and Abiotrophia (Woo1 et 
al., 2003). Granulicatella and Abiotrophia species were frequently misidentified as Gemella species (Woo1 
et al., 2003). Abiotrophia strains were easily misidentified with the use of phenotypic identification 
methods (Rozemeijer et al., 2011). Leuconostoc strains have easily been misidentified as belonging to the 
genera Lactobacillus, alpha hemolytic streptococci, Pediococcus, Enterococcus and Lactococcus (Facklam & 
Elliott, 1995). 
Fastidious organisms are associated with culture-negative IE and accounts for about 5 % of the IE cases 
(Houpikian & Raoult, 2005). Identification of microorganisms associated with culture-negative IE is another 
issue due to challenge in cultivating bacteria on agar plates. Culture-negative infections are linked with (i) 
the presence of fastidious (Coxiella burnetii and Bartonella species) and slow-growing bacteria, (ii) fungi 
infections, and (iii) administration of empiric antibiotic treatment before the time of taking the clinical 
samples (Naber & Erbel, 2003; Slany et al., 2007). Granulicatella and Abiotrophia strains were formerly 
known as nutritionally variant streptococci in which they were dependent on specialized nutritional growth 
media such as L-cysteine or vitamin B6 (Bottone, Thomas, Lindquist, & Janda, 1995; Brouqui & Raoult, 
2001; Kiernan et al., 2008; Kohok, Parashar, Punnam, & Tandar, 2011; Ohara-Nemoto et al., 1997; Ruoff, 
1991). Bacterial growth of Abiotrophia and Granulicatella strains were also observed as satellite colonies 
adjacent to staphylococci ssp. (McCarthy & Bottone, 1974). These fastidious strains exhibited also 
pleomorphic and changeable Gram-staining results (Christensen & Facklam, 2001). Abiotrophia and 
Granulicatella strains are causative agents in 4.3-6 % of all streptococcal IE, but with high mortality rates 
due to the fastidious nature of bacterial growth (Vandana, Mukhopadhyay, Rau, Ajith, & Rajath, 2010; 
Brouqui & Raoult, 2001). 
 As an alternative to the sequence analysis of the 16S rRNA gene, the research group of Nielsen et al., 
has also used the ITS1-region for species identification of clinically relevant non-hemolytic streptococci 
belonging to the hemolytic and non-hemolytic Streptococcus ssp. Except for the S. mitis, S. pneumoniae, 
and S. oralis strains, all of the included hemolytic and non-hemolytic Streptococcus strains were identified 
to the species level. Instead, sequence analysis of the glutamate dehydrogenase encoding partial gdh gene 
was able to discriminate between the S. mitis, S. pneumoniae, and S. oralis strains (Nielsen, Justesen, 
Dargis, Kemp, & Christensen, 2009). 
An increased need for correct identification is importance for identify the underlying pathogen 
associated with certain infectious diseases. This is especially the case when dealing with unusual, fastidious, 
and culture-negative bacteria associated with IE and other types of infectious diseases. The new methods 
should be more sensitive and provide rapid identification and diagnosis. 
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2 Aims of the study 
The aims of this thesis were to investigate the usability of sequence analysis of the ITS1-region for 
species identifications of the group of Gram-positive, catalase negative cocci. 
(i) Establish a first-line identification method based on ITS1-region sequence analysis for the group of 
Gram-positive, catalase-negative, coccal shaped non-hemolytic Streptococcus-like genera. 
(ii) Investigate the phylogenetic relationships of the ITS1-regions among non-hemolytic Streptococus-
like genera; Abiotrophia, Aerococcus, Alloiococcus, Dolosicoccus, Dolosigranulum, Facklamia, 
Gemella, Globicatella, Granulicatella, Helcococcus, Ignavigranum, Lactococcus, Leuconostoc, 
Rothia, and Vagococcus.  
(iii) Investigate the inter- and intraspecies distances of ITS1-regions among non-hemolytic 
Streptococus-like genera; Abiotrophia, Aerococcus, Alloiococcus, Dolosicoccus, Dolosigranulum, 
Facklamia, Gemella, Globicatella, Granulicatella, Helcococcus, Ignavigranum, Lactococcus, 
Leuconostoc, Rothia, and Vagococcus. 
Our hypothesis is that the ITS1-regions can be used as a first-line identification step for strains suspected of 
belonging to non-hemolytic streptococci and Streptococcus-like genera. 
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3 Materials and Methods 
In this section, the experimental techniques will be described brief of obtaining the ITS1-region 
sequences and how these sequences were used for pairwise comparisons, phylogenetic analysis, and ITS1-
region distance calculations.  
3.1 Bacterial collection  
ITS1-region nucleotide sequences from the type strains belonging to the following genera as stated in 
Table 2 were submitted to the nucleotide database of National Center for Biotechnology Information 
(NCBI). The type strains were purchased from the Culture Collection, University of Göteborg (CCUG, 
Sweden). The nucleotide sequences of the ITS1-regions from Globicatella sanguinis, Helcococcus kunzii, 
Lactococcus lactis ssp. lactis, and Rothia aeria type strains were already published in the GenBank database 
by other research group. These ITS1-regions were downloaded for the phylogenetic analysis and pairwise 
distance calculations. In total of 33 type strains were examined belonging to 15 genera.  
 
Species name Strain info 
GenBank accession 
number 
   
Abiotrophia defectiva CCUG 27639
 T
 JQ012763.1 
   
Aerococcus christensenii  CCUG 28831 
T
 JN977130.1 
Aerococcus sanguinicola  CCUG 43001 
T
 JN977131.1 
Aerococcus suis CCUG 52530 
T
 JN977129.1 
Aerococcus urinae  CCUG 36881 
T
 JN977132.1 
Aerococcus urinaehominis CCUG 42038B 
T
 JN977133.1 
Aerococcus viridans  CCUG 4311 
T
 JN977134.1 
   
Alloiococcus otitis CCUG 32997 
T
 JQ012769.1 
 
Dolosicoccus paucivorans  CCUG 39307 
T 
JQ012771.1
 
   
Dolosigranulum pigrum  CCUG 33392 
T 
JQ012770.1
 
 
Facklamia miroungae  CCUG 42728 
T 
JQ012774.1 
Facklamia hominis  CCUG 36813 
T 
JQ012772.1 
Facklamia languida  CCUG 37842
 T
 JQ012773.1 
Facklamia sourekii  CCUG 28783A 
T 
JQ012775.1 
   
Gemella bergeri  CCUG 37817 
T
 JQ012764.1 
Gemella cuniculi
 
CCUG 42726 
T
 JQ012767.1 
Gemella haemolysans  CCUG 37985 
T
 JQ697979.1 
Gemella morbillorum  CCUG 18164 
T
 JQ012768.1
 
Gemella palaticanis CCUG 39489 
T
 JQ012766.1 
Gemella sanguinis  CCUG 37820 
T
 JQ012765.1 
 
Globicatella sanguinis CCUG 32999 
T
 * 
 
Granulicatella adiacens  ATCC 49175 
T
 AY353083.2 
a 
Granulicatella elegans  CCUG 38949 
T
 JQ012777.1
 
Granulicatella balaenopterae CCUG 37380 
T
 JQ012776.1 
 
Helcococcus kunzii CCUG 32213 
T
 * 
   
Ignavigranum ruoffiae  CCUG 37658 
T 
JQ012778.1
 
 
Lactococcus lactis ssp. lactis CCUG 7980 
T
 * 
 
Leuconostoc citreum  NRIC 1776 
T
 AB290437.1 
b
 
Leuconostoc lactis  NRIC 1540 
T
 AB290441.1 
b 
Table 2. Type strain names and GenBank accession numbers of the ITS1-regions 
sequences, both obtained from this study and previously published in GenBank. 
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Leuconostoc mesenteroides ssp. 
mesenteroides 
CCUG 30066 
T
 JQ012779.1 
Leuconostoc pseudomesenteroides  NRIC 1777 
T
 AB290443.1
 b 
   
Rothia aeria CCUG 51932 
T
 * 
   
Vagococcus fluvialis CCUG 32704 
T
 JQ697980.1 
 
 
 
A total of 87 clinical strains being Gram-positive, catalase-negative and non-haemolytic Streptococcus-
like were examined for identification based on sequence analysis of the ITS1-regions. These strains belong 
to 19 species from the genera Aerococcus, Abiotrophia, Gemella, Globicatella, Granulicatella, Helcococcus, 
Lactococcus, Leuconostoc, and Rothia. Each clinical strain was examined with conventional phenotypic 
methods, sequence analysis of the 16S rRNA gene, and matrix-assisted laser desorption/ionization time-of-
flight mass spectrum (MALDI-TOF MS) analysis at the reference laboratory Statens Serum Institut (SSI, 
Denmark). Results from the three identification methods were compared and used for conclude the 
identification of the clinical strains, which can be found in appendix I. 
 The strains were isolated from patients suffering from IE, urine tract infections, sepsis and other types 
of infectious diseases from the year of 2000 to 2010 from Danish hospitals. The examined bacteria were 
mainly isolated from the blood, and few isolated from the urine, liver tissue, lung tissue, and cerebrospinal 
fluid. In some of the cases the origin of body site was not stated.  
The S. pneumoniae strain was used as a positive control as this strain resulted in a positive PCR outcome 
with the Strep16S_1471F and 6R-IGS primers (Nielsen et al., 2009). The negative control sample consisted 
only of master mix without any kind of template DNA. 
 
3.2 Extraction of bacterial DNA 
Bacterial DNA was extracted by a boiling method (Nielsen et al., 2009) with the following procedure; 1 µl 
inoculation loops were used to take up small portions of bacteria from each strain tube and inoculated on 
agar plates with 5 % horse blood. The agar plates were incubated in a CO2 -incubator for 24 hours at 35 
oC 
and examined the next day and if however few or tiny colonies were present, the incubation time was 
prolonged for another 24 hour. The DNA extraction step was initiated when few colonies from the agar 
plates were collected and mixed with 100 µl DNase free water (QIAGEN). Each tube was mixed in a vortex 
mixer for 10 seconds followed by incubation on a 98-99 0C heat block for 10 minutes. The heating step 
allowed disruptions of the bacterial membranes. Then the bacterial suspensions were centrifugated for 
three min at 13.000 round per minute, subsequently pellets were present consisting of cell debris. The 
bacterial DNA was collected from the supernatant and used as 10-fold diluted for the PCR reactions.  
CCUG, Culture Collection, University of Göteborg, Sweden; ATCC, American Type Culture 
Collection, America; NRIC, Nodai Research Institute Culture Collection, Japan 
T Type strain; a (Chang & Chen, 2005); b (Endo & Okada, 2008).  
* The Strep16S_1471F and 6R-IGS primers were unable to amplify the ITS1-region between 
the 16S-23S rRNA genes. 
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3.3 Design of PCR primers for amplification reactions 
Multiple sequence alignments (MSAs) were performed for GenBank published 16S and 23S rRNA genes 
of species among different taxons with the web-based MSA tool of MultAlin (Corpet, 1988). The MSA of 16S 
rRNA genes can be seen in Figure 6 of species belonging to the genera Abiotrophia, Aerococcus, 
Dolosicoccus, Dolosigranulum, Facklamia, Gemella, Globicatella, Granulicatella, Helcococcus, Ignavigranum, 
Lactococcus, Leuconostoc, Pediococcus, and Rothia. Few 23S rRNA genes were deposited in the Genbank 
database at the time the MSA was performed, and the deposited 23S rRNA genes were predominantly from 
the genus Streptococcus.  
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1 Primer pair adapted from the research group of Nielsen et al., (Nielsen, Justesen, Dargis, Kemp, & Christensen, 2009). 
2 Primer pair adapted from the research group of Chen et al., (Chen, Teng, & Chang, 2004). 
 
 
Two forward and two reverse primers were designed based on the MSAs of the 16S rRNA gene and 23S 
rRNA gene and combined to four different primer pairs (primer pair 1, 2, 5, and 6), whereas two other 
primer pairs were adapted from other research groups (primer pair 3 and 4), Table 7. Primer pair 3 was 
adapted from the research group of Nielsen et al., (Nielsen et al., 2009) and the primer pair 4 from the 
research group of Chen et al., (Chen et al., 2004). Primer pair 3 and primer pair 4 were both used for 
species identification of clinically relevant non-hemolytic streptococci based on the ITS1-region between 
the 16S and 23S rRNA genes.  
 
Primer pairs  Primer names and nucleotide composition 
Primer pair 1 
16S_1374F 5’- AAT RCG TTC CCG GGY CTT G - 3’ 
23S_130R_6Rmod 5’- GGG TTK CCC CAT TCG GAA AT - 3’ 
 
Primer pair 2 
16S_1381F 5’- TCC CGG GYC TTG TAC ACA C - 3’ 
23S_130R_Abiotrophia 5’- GGG TTK CCC CAT TCG GAW A - 3’ 
 
Primer pair 3 
1
 
Strep16S_1471F 5’- GTG GGA TAG ATG ATT GGG GTG AAG T - 3’ 
6R-IGS 5’- GGG TTC CCC CAT TCG GAH AT - 3’ 
 
Primer pair 4 
2
 
Chen-13-BF 5’- GTG AAT ACG TTC CCG GGC CT – 3’ 
Chen-6R 5’- GGG TTY CCC CRT TCR GAA AT - 3’ 
 
Primer pair 5 
16S_1381F 5’- TCC CGG GYC TTG TAC ACA C - 3’ 
23S_130R_6Rmod 5’- GGG TTK CCC CAT TCG GAA AT - 3’ 
 
Primer pair 6 
16S_1374F 5’- AAT RCG TTC CCG GGY CTT G - 3’ 
23S_130R_Abiotrophia 5’- GGG TTK CCC CAT TCG GAW A - 3’ 
 
 
Figure 6. The MSA of the terminal 200 nucleotides from the 3’prime end of the 16S rRNA genes. The nucleotides in red shows 
conservation among all of the 16S rRNA genes from the species, whereas the nucleotides in blue shows conservation for most 
of the strains. Nucleotides in black shows less conserved nucleotides. The alignment was performed with MultAlin and the red 
box marks the region the Strep16S_1471F forward primer is complementary with.  
The 16S rRNA gene sequences were derived from the following species Aerococcus christensenii, Aerococcus sanguinicola, Dolosicoccus 
paucivorans, Dolosigranulum pigrum, Facklamia hominis, Facklamia languida, Facklamia sourekii, Facklamia species, Gemella bergeri, Gemella 
morbillorum, Gemella sanguinis, Gemella species, Globicatella sulfidifaciens, Helcococcus kunzii, Helcococcus suecienses, Lactococcus lactis ssp. 
lactis, Leuconostoc mesenteroides, Pediococcus acidilactici, Rothia nasimurium, Rothia terrae, and Vagococcus fluvialis. 
Table 7. Nucleotide sequences of the six primer pairs. Few nucleotides were substituted with IUPAC 
nucleotide codes (Cornish-Bowden, 1985). The K substitutes for guanine or thymine, Y for cytosine or thymine, 
W for adenine or thymine, H for adenine, cytosine or thymine, and R for adenine or guanine molecule. The 
23S_130R_Abiotrophia primer was also based on conserved regions with special emphasis on sequences from 
Ab. defectiva strain.  
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All primers were validated with the Gene Runner software (version 3.05) [W4] concerning the melting 
temperatures, %GC content of the primers and whether or not any primer dimer formations or hairpin 
loops would be generated during the PCR reactions. The default settings were changed to more realistic 
values of the free energy temperature as 25 0C, the probe concentration as 40000 pico Mol, and the salt 
concentration as 50 milli Mol. 
The primers were analyzed with PCR reactions to amplify ITS1-sequences of species representing the 
genera Abiotrophia, Aerococcus, Alloiococcus, Dolosicoccus, Dolosigranulum, Facklamia, Gemella, 
Globicatella, Granulicatella, Helcococcus, Ignavigranum, Lactococcus, Leuconostoc, and Rothia. The 
amplified PCR products were then analyzed in 2 % agarose gelelectrophoresis with the DNA binding dye of 
GelRedTM (Biotium Inc., 2010) to determine the most optimum primer pair. The primer pair selection 
parameters were the following; primer annealing temperature (55-62 0C), the cycle number (30-35 cycles), 
and the selection of the master mix (HotStarTaq Plus Master Mix Kit and Brilliant II SYBR® Green QPCR 
Master Mix with low ROX).  
 
3.4 Real-Time Polymerase Chain Reaction 
Real-time PCR was performed to amplification of the ITS1-region using Brilliant II SYBR® Green QPCR 
Master Mix with low ROX (ROX concentration 30 nM) (Agilent Technologies Inc A, 2009). The master mix 
contained the DNA binding dye of SYBR Green I fluorescence dye and the ROX reference dye and 
components such as SureStart Taq DNA polymerase, deoxyribonucleotides triphosphate molecules (TAGC, 
2012), and an optimized QPCR buffer (Agilent Technologies Inc A, 2009). The ROX reference dye 
compensated for non-PCR related variation of the fluorescence  emissions due to variations in reactions 
volume (Agilent Technologies Inc B, 2009). The fluorescence signals were detected with the Stratagene 
Mx3005P QPCR System (Agilent Technologies Inc B, 2009). The thermal profile setups was as the follows; 95 
0C for 10 min and 35 cycles of 95 0C for 30 sec, 61 0C for 30 sec, 
and 72 0C for 30 sec with 10-fold diluted template DNA. For 
those strains with difficulties in the amplification step slightly 
modified PCR reactions were used with the annealing 
temperature of 62 0C or cycle numbers of 42 cycles. Table 3 
shows the contents of the PCR reaction tubes.  
   
Following the real-time amplifications melting curve analysis was performed to detect accumulation of 
PCR products with the SYBR Green I molecules. The thermal profile setup of this analysis was as follows; 95 
0C for 1 min, 55 0C for 30 sec, and 95 0C for 30 sec. 
Table 3. Real-time PCR content. 
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3.5 The QIAxcel System 
The QIAxcel system is a multicapillary electrophoresis system and used to determine the sizes and 
concentrations of the PCR products with the use of voltage and time. The OM500.mtd method was used for 
the separation with the sample injection voltage of 5 kV in 20 sec followed by the separation voltage of 5 
kV in 500 sec. The gel filled matrix contained the nucleic acid binding dye of ethidium bromide (QIAGEN, 
2011).  
Data from QIAxcel was received as gel images and analyzed with the BioCalculator Software. The QX 
DNA Size Marker 50-800 bp (QIAGEN) was used as DNA ladder together with the 15 bp and 1 kb QX DNA 
Alignment Markers (QIAGEN). The following fragments were present within the DNA ladder; 50, 100, 150, 
200, 250, 300, 400, 500, 600, 700, and 800 bp and the final concentration of the QX DNA Size Marker was 
set as 20 ng/µl.  
 
3.6 Sequencing analysis of PCR amplicons  
Sanger DNA Sequence analysis of the PCR products were performed with the “Sequencing Service à la 
Carte” service at EuroFins MWG Operon, Germany (EuroFins, 2012). This service involves purification of the 
samples with an in-house PEG precipitation method (Ursula Morgenroth & EuroFins, 2012) before 
performing the sequence analysis with the ABI 3730xl 96-capillary DNA Analyzer. DNA sequence analysis 
was also performed with the Strep16S_1471F and 6R-IGS primers. 
Sequence results were received as chromatograms and analyzed with CLC Main Workbench version 6 
(CLC bio, 2012). The forward and reverse sequence reads were assembled to obtain the consensus 
sequence of the ITS1-regions. Portions from the 16S and 23S rRNA genes were edited off according to the 
5’-prime end of 5’-CTAAGG-3’ (Chen et al., 2004) and the 3’-prime end of 5’-TTAAGT/C-3’ (Unpublished 
data from Nielsen et al., 2012).  
 
3.7 Multiple sequence alignments, phylogenetic analysis, and ITS1-region distance 
measurements  
Four different MSA methods were tested with the ITS1-regions; the ClustalW (Chenna et al., 2003) [W5], 
Tcoffee [W6], MultAlin [W7], and Mafft [W8]. All four methods were based on different nucleotide 
substitution algorithms and only one method was to be selected as the appropriate MSA method of choice. 
The best MSA method was selected based on the quality of the MSAs, the phylogenetic analysis and 
pairwise distance calculations of ITS1-regions among the clinical strains. For all of the methods, the 
Neighbor-Joining method was used when constructing the phylogenetic trees (MEGA5). 
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MSAs were built based on the ITS1-regions of the genera Aerococcus, Abiotrophia, Gemella, 
Granulicatella, and Leuconostoc strains used for the evolutionary relationships. The corresponding type 
strain ITS1-regions were also included in the MSAs, both derived from this study and from already Genbank 
submitted ITS1-regions. 
The variability of the ITS1-regions among various species belonging to the genera of Aerococcus, 
Abiotrophia, Gemella, Granulicatella, and Leuconostoc were established by building a MSA of ITS1-regions 
from the type strains. Secondly, MSAs were built of every species within a genus with the corresponding 
type strain and clinical strains. Finally, MSAs were built to calculate the pairwise distances of ITS1-regions, 
i.e. the inter- and intraspecies distances within each genus.  
The inter- and intraspecies distances of the ITS1-regions were based on the Kimura’s two-parameter 
substitution model and the robustness of the phylogenetic trees was determined with 1000 bootstrap 
replicates (MEGA5). The inter- and intraspecies distances were obtained from the based on pairwise 
alignments of ITS1-regions of the clinical strains and the corresponding type strain.  
 
3.8 Identifications based on nucleotide sequences of ITS1-regions with BLAST analysis 
Identifications of the clinical strains were based on nucleotide sequences of ITS1-regions by performing 
pairwise alignments with Genbank published nucleotide sequences. The Basic Local Alignment Search Tool 
(BLAST) of NCBI (Altschul, Gish, Miller, Myers, & Lipman, 1990) was used for this purpose by taking into 
consideration the maximum score values, identity percentages and E-values of the proposed best and 
second best taxon matches. Higher than 10 maximum score differences between the best and second best 
taxon match were used to confirm best taxon match as the species identification together with evaluation 
of the E-values.  
Since only clinical strains isolated from human body sites were used in this project, the following 
datasets “uncultured/environmental sample sequences” and “human and mouse genomic and transcript” 
were excluded from the BLAST analysis.  
 
3.9 Examination of whether or not tRNA sequences were present in the ITS1-regions 
The tRNAscan-SE Server was used to clarify whether or not ITS1-regions were consisting of tRNA 
sequences which contributes to ITS1-region length variation (Lowe & Eddy, 1997).  
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4 Results and discussion 
The following section presents results obtained from the experimental studies. These data were evaluated 
and discussed according to the usability of the ITS1-region sequence analysis for identification at the 
species level. This section is divided into five main sections: 
(i) Bacterial characterizations and comparisons of results from the phenotypic examinations, 16S rRNA gene 
sequence- and MALDI-TOF MS analysis. 
(ii) Test of primer pairs to reveal the most optimum primer pair for amplification of ITS1-regions. 
(iii) Determination of the ITS1-region nucleotide sequences. 
(iv) MSAs, phylogenetic analysis and ITS1-region distance measurements. 
(v) Bacterial identifications with the use of sequence analysis of the ITS1-regions 
(vi) Determination of tRNA sequences within the ITS1-regions. 
 
4.1 Bacterial characterizations 
Strains were identified based on results of phenotypic examinations, 16S rRNA gene sequence analysis, 
and MALDI-TOF MS analysis, appendix I. Most of the clinical strains were uniformly identified with the three 
identification methods to the species level. This was the case for the following genera Aerococcus (n = 37), 
Abiotrophia (n = 2), Gemella (n = 17), Granulicatella (n = 10), Helcococcus (n = 1), Lactococcus (n = 5), 
Leuconostoc (n = 3), and Rothia (n = 2).  
Nine clinical strains were non-uniformly identified when comparing the identification results from the 
phenotypic examinations, 16S rRNA gene sequence analysis, and MALDI-TOF MS analysis. The comparisons 
can be seen in Table 4.  
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Strain ID 
Phenotypic 
identification 
16S rRNA gene sequence 
identification 
MALDI-TOF MS identification 
Identification from the 
phenotypic examinations, 
16S rRNA gene sequence- 
and MALDI-TOF MS analysis 
Genus Gemella, n = 6 
SSI-264 Gemella morbillorum Gemella morbillorum 
Secure genus Gemella species, 
probably Gemella haemolysans 
Gemella morbillorum or 
Gemella haemolysans 
SSI-1118 Gemella species Gemella morbillorum 
Secure genus Gemella, probably 
Gemella morbillorum or Gemella 
cuniculi 
Gemella morbillorum or 
Gemella cuniculi 
SSI-1477 Gemella morbillorum Not stated 
Secure genus Gemella, probably 
Gemella morbillorum or Gemella 
haemolysans 
Gemella morbillorum or 
Gemella haemolysans 
SSI-3768 Gemella haemolysans Gemella haemolysans 
Highly probably Gemella 
haemolysans or Gemella cuniculi 
Gemella haemolysans or 
Gemella cuniculi 
SSI-4248 Gemella species Gemella species 
Gemella species, probably 
Gemella haemolysans or 
Gemella cuniculi 
Gemella haemolysans or 
Gemella cuniculi 
SSI-4628 Gemella species Gemella species Gemella species Gemella species 
Genus Leuconostoc, n = 2 
SSI-1050 Leuconostoc species 
Leuconostoc garlicum or 
Leuconostoc lactis 
Leuconostoc lactis 
Leuconostoc garlicum or 
Leuconostoc lactis 
SSI-4937 Leuconostoc species Leuconostoc garlicum Leuconostoc lactis 
Leuconostoc garlicum or 
Leuconostoc lactis 
Genus Rothia 
SSI-704 Gram positive cocci  Rothia species Rothia species Rothia species 
 
To sum up the non-uniform identifications; 1) the SSI-264 and SSI-1477 strains were identified as Gem. 
morbillorum or Gem. haemolysans, 2) The SSI-1118 strain as Gem. morbillorum or Gem. cuniculi, 3) The SSI-
3768 and SSI-4248 strains as Gem. haemolysans or Gem. cuniculi, and 4) the SSI-4628 as a Gemella species. 
4) The SSI-704 strain was identified as Rothia species and 5) the SSI-1050 and SSI-4937 strains were 
identified as L. garlicum or Leu. lactis.  
The strains will be mentioned later in the thesis as uniformly identified strains and non-uniformly 
identified strains.  
 
4.2 Search for optimum primer pair for PCR amplification reaction 
MSAs of downloaded 16S and 23S rRNA gene sequences from type strains were performed and well-
conserved regions among the rRNA genes were detected for the Gram-positive, catalase-negative, coccal 
shaped non-hemolytic genera. All of the rRNA genes had different sequence length as results of non-
uniform sequence length submission and sequence length variation of rRNA genes.  
The four primer pairs designated from the conserved regions of 16S and 23S rRNA gene sequences and 
the two adapted primer pairs were all validated with the Gene Runner software. The following features 
Table 4. Identifications obtained from the phenotypic examinations, 16S rRNA gene sequence-, and MALDI-TOF MS analysis for nine 
clinical strains, and comparison of these identifications.  
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were examined; %GC contents, melting temperatures, and whether or not hairpin loops or self-
dimerizations were proposed. All primer pairs were tested on various type strains with conventional PCR 
and real-time PCR reactions.  
All six primer pairs resulted in different agarose gelelectrophoresis results and PCR products were 
detected in mainly all of the examined strains either as a single product or multiple products and in some 
strains no PCR products were detected at all. The primer pair 3 (Strep16S_1471F and 6R-IGS) and primer 
pair 4 (Chen-13-BF and Chen-6R) resulted in more specific PCR amplifications than other primer pairs. 
Figure 8 shows an example of agarose gelelectrophoresis of PCR products with the primer pair 3 from 
various type strains. When comparing the results obtained from the primer pairs 3 and 4, the primer pair 3 
(Strep16S_1471F and 6R-IGS) has been proven useful for identification of non-hemolytic streptococci 
(Nielsen et al., 2009). 
 
The optimum primer annealing temperature of primer pair 3; Strep16S_1471F and 6R-IGS, was 
determined by temperature gradient examinations. More specific PCR amplications were detected when 
annealing temperature was above 60.6 0C. Multiple PCR products with the sizes of 200-300 bp were 
present when using primer annealing temperature at 55-59.4 0C for some of the species as illustrated with 
the Ab. defectiva, A. christensenii, and A. sanguinicola strains in Figure 9. The sizes of the PCR product were 
between 300-400 bp and 700-800 bp when using annealing temperatures at 60.6-62 0C. 
Figure 8. Agarose gel electrophoresis of the PCR products with the use of primer pair 3 from various Gram-positive, catalase-
negative coccal-shaped non-hemolytic genera. Multiple amplicons was observed in some strains, whereas none in some other 
strains. The amplicon sizes were in the range of 300-600 bp. The HotStarTaq Plus Master Mix Kit was used with the DNA binding 
dye of (Biotium Inc., 2010; QIAGEN, 2010). 
 
Lane (1, 8, 9, 25) QIAGEN GelPilot 100 bp Plus Ladder, (2) Aerococcus viridans, (3) Dolosicoccus paucivorans,(4) Dolosigranulum pigrum,(5) 
Facklamia ignava, (6) Gemella asaccharolytica, (7) Gemella bergeri, (10) Gemella cuniculi, (11) Gemella haemolysans, (12) Gemella morbillorum, 
(13) Gemella palaticanis, (14) Granulicatella adiacens, (15) Helcococcus ovis, (16) Lactococcus garvieae, (17) Empty lane, (18) Lactococcus lactis 
ssp. cremoris, (19) Lactococcus lactis ssp. hordniae, (20) Lactococcus lactis ssp. lactis, (21) Leuconostoc mesenteroides ssp. mesenteroides, (22) 
Leuconostoc mesenteroides ssp. cremoris, (23) Pediococcus acidilactici, and (24) Rothia dentocariosa.  
 30 | P a g e  
 
Real-time PCR detection 
was also performed with the 
Strep16S_1471F and 6R-IGS 
primers, Brilliant II SYBR® 
Green QPCR Master Mix with 
low ROX at annealing 
temperature at 61 0C and the 
cycle number of 35 cycles. 
 The primer pair Strep16S_1471F 
and 6R-IGS was initially designed for 
species identification of non-
hemolytic streptococci (Nielsen et al., 
2009), and if also useful in identifying 
strains belonging to non-hemolytic Streptococcus-like genera as Aerococcus, Abiotrophia, Gemella, 
Globicatella, Granulicatella, Helcococcus, Leuconostoc, Vagococcus, and Rothia, this primer pair might act 
as a common key for the species identification of the Gram-positive, catalase-negative, coccal-shaped non-
hemolytic genera. 
 
4.3 Real-time PCR amplifications and sequence analysis of ITS1-regions  
The following section describes results from the real-time amplification reactions and melting curve 
analysis of the ITS1-regions. This section contains also results from the QIAxcel size measurements of the 
PCR products, and results from DNA sequence analysis of the ITS1-nucleotide sequences. Graphical images 
will be present from the different methods and each species of the same genus is described as one unit. 
In general, sigmoidal-shaped amplification plots were detected for most of the strains and with 
expected amplification results of the positive and negative control samples. No amplifications were 
detected for few strains and some other strains resulted in low level PCR fluorescence signals.  
The positive control sample consisted of template DNA from the S. pneumoniae strain and the 
amplification plot and melting curve of this strain can be seen in Figure 10 and Figure 11. The melting curve 
of this positive control sample displayed one major and minor fluorescence peak with a melting 
temperature at 84-88 0C and 78-80 oC, respectively. As expected, no PCR products were generated from the 
negative control sample due to no template DNA within this sample. 
Figure 9. Gradient PCR results using primer pair 3 (2 % agarose 
gelelectrophoresis) of Ab. defectiva, A. christensenii, and A. sanguinicola 
strains.  The annealing temperature from 60.6-62 
0
C resulted in increased 
specificity than between the temperature 55-59.4 
0
C due to fewer unspecific 
PCR amplicons.  
The sizes of the amplicons were in the range of 200-400 bp and between 700-
800 bp. The HotStarTaq Plus Master Mix Kit was used with the DNA binding 
dye of GelRed. Lane (1) 62 
0
C, (2) 61.5 
0
C, (3) 60.6 
0
C, (4) 59.4 
0
C, (5) 57.8 
0
C, (6) 
56.5 
0
C, (7) 55.5 
0
C, (8) 55 
0
C, and (M) QIAGEN GelPilot 100 bp Plus ladder.  
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Figure 12. Amplification plot for the PCR product 
from one A. urinae (SSI-131) strain with a 
sigmoidal-shaped fluorescence curve (SYBR assay). 
No amplification was detected with the ROX assay 
as expected. 
 
 
 
 
 
4.3.1 Genus Aerococcus 
Real-time amplification signals were detected for strains 
belonging to genus Aerococus and one example of the A. 
urinae amplification curve can be seen in Figure 12 for the 
SSI-131 strain.  
The melting curve analysis of the PCR products revealed 
one major and one minor fluorescence peak for mainly all of 
the A. urinae strains with a melting temperature at 82-84 oC 
and 78-80 0C, respectively. Figure 13 gives an example of 
one A. urinae strain (SSI-131). The clinical strains of SSI-3140 
(A. urinae) and SSI-3640 (A. urinae) were the only strains of 
this species with one additional fluorescence peak, see 
Figure 14. The melting temperatures of these peaks were 
located at 84-86 0C. 
 
 
 
 
 
Figure 10 and Figure 11. Amplification plots and melting curves for the positive and the negative control sample. As 
expected the positive control sample emitted fluorescence with the SYBR assay, whereas no emission was detected 
for the negative control sample with the same SYBR assay. Two fluorescence peaks were detected from the PCR 
product of the positive control sample with a melting temperature at 84-88 
0
C for the major and 78-80 
0
C for the 
minor fluorescence peak. No amplification was detected with the ROX assays as expected.  
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The clinical strains of A. christensenii displayed 
two fluorescence peaks with a melting temperature 
at 82-86 oC and 78-80 oC for the major and minor peak, respectively. Two fluorescence peaks were also 
present for the three strains of A. sanguinicola with a melting temperature at 82-86 oC and 79-82 oC for the 
major and minor fluorescence peaks, respectively.  
The PCR products from the two strains of A. viridans 
generated also three fluorescence peaks as with the two 
strains of A. urinae (SSI-3140 and SSI-3640), but with a 
melting temperature at 82-86 0C for the major peak and 
between 76-78 oC and 79-82 oC for the two minor peaks. 
See Figure 15 for the melting curve of the one A. viridans 
strain.  
Only one amplicon with the sizes of 414-427 bp was 
detected for all the A. urinae strains (n = 37). Two A. 
urinae strains contained two amplicons with the sizes of 
419-420 bp and 675-677 bp which could indicate multiple 
PCR products with different sizes and nucleotide 
compositions. Capillary electrophoresis analysis of the 
PCR products was performed by QIAxcel and Figure 16 
shows an example of QIAxcel image for one A. urinae strain (SSI-131).  
Figure 13. Dissociation curve with two fluorescence 
peaks for the PCR products from one A. urinae strain 
(SSI-131). The melting temperature of the major peak 
was between 82-86 
0
C and between 78-80 
0
C for the 
minor peak (SYBR assay). 
Figure 14. Dissociation curves of PCR products for two A. 
urinae strains of SSI-3140 (blue line, SYBR assay) and SSI-3640 
(green line, SYBR assay). Three fluorescence peaks were 
present with two major peaks located from the melting 
temperature of 82-84 
0
C and 84-86 
0
C and between 78-80 
0
C 
for the minor fluorescence peak. 
Figure 15. Three fluorescence peaks from the melting 
curve analysis of the PCR product from one A. viridans 
strain (SSI-3270). The melting temperature of the 
major fluorescence peak was between 82-86 
0
C and 
76-78 
0
C and between 79-82 
0
C for the two minor 
peaks (blue line, SYBR assay). 
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The strains of A. christensenii and A. sanguinicola contained one PCR amplicon with the size of 425-427 
bp according to the QIAxcel system even though two fluorescence peaks were detected in each of these 
samples from the melting curve analysis. From the two strains of A. viridans three fluorescence peaks were 
detected indicating the presence of three amplicons. However, as with the A. christensenii, A. sanguinicola, 
and A. urinae strains only one amplicon was generated for these A. viridans strains. The sizes of these A. 
viridans amplicons were 446-456 bp and thus longer than recognized for the strains of A. christensenii (424-
427 bp), A. sanguinicola (425-427 bp), and A. urinae (414-427 bp and 675-677 bp). 
 
 
 
PCR products from the Aerococcus clinical strains resulted in high quality sequence reads from the DNA 
sequence analysis. No noise signals or ambiguities were present when assembling the forward and reverse 
sequence reads to obtain the consensus sequence of the ITS1-regions. An example of high quality sequence 
reads of the ITS1-regions can be seen in Figure 17 for one A. urinae strain (SSI-131). However, the 
nucleotide at position 75 from the 5’prime end of the edited ITS1-region of SSI-3250 (A. urinae) resulted in 
signals from a cytosine and thymine molecule. Optimization of the PCR reactions were performed for those 
strains with poor quality sequence reads. Multiple signals were still present for some strains, and these 
Figure 16. The QIAxcel gel image of the PCR products from 
one A. urinae strain (SSI-131). The size of the PCR product 
was 427 bp. The red fragments in the beginning and final 
part of each lane were the 15 bp and 1000 bp alignment 
markers used for QIAxcel alignment. The QX DNA Size 
Marker 50-800 bp was used as DNA ladder (QIAGEN, 2011). 
Figure 17. The assembled ITS1-region 
for one A. urinae strain (SSI-131) with 
high quality sequence reads. 
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nucleotides were substituted with corresponding International union of pure and applied chemistry (IUPAC) 
nucleotide codes. The nucleotide in position 75 for the SSI-3250 strain was substituted with a Y. 
The sizes of the ITS1-regions without portions from 16S and 23S rRNA genes were determined as 212-
213 bp for strains belonging to A. christensenii, exactly 210 bp for the three A. sanguinicola strains, 
between 207-208 bp for the A. urinae strains, and 228-232 bp for the two A. viridans strains. The ITS1-
region sizes of the ITS1-regions of the A. viridans strains was longer than of the ITS1-regions from the 
species of A. christensenii, A. urinae, and A. sanguinicola as stated with the QIAxcel system. Thus, species 
belonging to the same genus can have different ITS1-region length.  
4.3.2 Genus Abiotrophia 
PCR products were detected within the two Ab. defectiva strains and according to the melting curve 
analysis only one fluorescence peak appeared in both strains with a melting temperature at 83-84 oC. The 
QIAxcel system determined the amplicons from these two Ab. defectiva strains as 441-442 bp. 
The forward sequence read of the SSI-253 (Ab. defectiva) resulted in high quality sequence read with no 
ambiguities, whereas the reverse sequence read contained ambiguities signals in the beginning part of the 
edited ITS1-region as seen in Figure 18. When the forward and reverse sequence reads of this strain were 
assembled, the forward sequence read was long enough to overlap the reverse sequence. In this way the 
forward sequence reads was used to determine the nucleotide sequence of this ITS1-region at regions with 
ambiguities signals. When portions from the 16S and 23S rRNA genes were edited off the ITS1-region sizes 
of Ab. defectiva strains were of 
230-231 bp. 
 
 
4.3.3 Genus Gemella  
PCR amplifications were detected for all of the clinical strains belonging to genus Gemella. The melting 
curve analysis of the Gem. bergeri strains revealed one major fluorescence peak with a melting 
temperature at 82-84 0C and two minor fluorescence peaks with melting temperatures at 78-80 0C and 80-
82 0C. Opposite the Gem. bergeri strains with three fluorescence peaks, only two fluorescence peaks were 
displayed with the melting curve analysis of the Gem. haemolysans strains. The melting temperature of the 
Figure 18 .The assembled ITS1-region for 
one Ab. defectiva strains (SSI-253). High 
quality sequence read was obtained for 
the forward sequence reads, but low 
quality for the reverse sequence reads. 
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major fluorescence peak was at 82-85 0C and 80-82 0C for the minor fluorescence peak of Gem. 
haemolysans strain. 
The dissociation curves of the Gem. morbillorum strains revealed two fluorescence peaks as with the 
Gem. haemolysans strains with a melting temperature at 82-84 0C for the major fluorescence peak and at 
80-82 0C for the minor fluorescence peak.  
One single amplicon was detected in all of the strains of Gem. bergeri, Gem. morbillorum, and Gem. 
sanguinis with the QIAxcel system. The sizes of the PCR product of Gem. bergeri and Gem. sanguinis strains 
were of 422-428 bp and 420-429 bp even though two to three fluorescence peaks were detected with the 
melting curve analysis, respectively. This could indicate PCR 
 products with different melting domains.  
The QIAxcel system detected between one to three PCR amplicons 
from the Gem. haemolysans strains with different lengths. The presence 
of more PCR products could indicate the presence of more than one rrn 
operon and therefore amplification of different ITS1-regions, Table 5. 
Subsequently, the PCR products from the Gem. haemolysans strains were 
analyzed with the DNA sequence analysis and mainly high quality 
sequence reads were obtained.  
These ITS1-regions resulted also in high quality sequence reads, but two of the Gem. haemolysans 
strains had some few nucleotide positions with ambiguities signals. The nucleotides in position 154 and 171 
of the edited ITS1-region of the SSI-652 strain (Gem. haemolysans) resulted in signals from a cytosine and 
thymine molecule and the nucleotide in position 178 resulted in signals from an adenine and guanine 
molecule. Thus, the nucleotide position 154 and 171 were substituted with Y and the nucleotide in position 
178 as R. The nucleotide in position 95 of the SSI-1237 (Gem. haemolysans) was substituted with Y, 
whereas the position 121 as W due to signals from an adenine and thymine. Otherwise, the edited ITS1-
region length was between 202-208 bp for the Gem. haemolysans strains.   
The edited ITS1-region length of the Gem. bergeri strains was 206 bp for three of the strains and 209 bp 
for one Gem. bergeri strain (SSI-4984). Thus, this latter strain with the ITS1-region of 209 bp was different 
from the remaining three Gem. bergeri strains. High quality sequence reads were also obtained from the 
ITS1-regions of Gem. sanguinis and Gem. morbillorum strains. The size of the edited ITS1-region was 199 bp 
for the Gem. sanguinis strain, whereas this was between 205-207 bp for the Gem. morbillorum strains. 
The ITS1-regions from the six non-uniformly Gemella strains were amplified and presented as two 
fluorescence peaks from the melting curve analysis. The major fluorescence peaks were located from the 
temperature at 82-85 0C, whereas the minor peaks at 80-82 0C. The QIAxcel system determined the 
Gem. haemolysans 
strains 
PCR product 
sizes (bp) 
SSI-652 415, 442 
SSI-785 431, 443 
SSI-1237 418 
Table 5. PCR product sizes of the 
three Gem. haemolysans strains 
with different lengths. 
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Gemella PCR product sizes as 415-433 bp and high quality sequence reads were obtained from all strains 
with the edited ITS1-region sizes of 202-207 bp. 
4.3.4 Genus Granulicatella 
Strains of genus Granulicatella resulted all in amplifications, and two to three fluorescence peaks were 
detected from the melting curve analysis. The PCR products 
of the Gra. adiacens strains generated two fluorescence 
peaks with melting temperatures at 80-84 oC for the major 
and 84-87 oC for the minor fluorescence peak. The single Gra. 
elegans strain generated three fluorescence peaks with one 
major, medium, and minor peak as seen in Figure 19. The 
major fluorescence peak were located from the temperature 
at 81-84 oC, the medium peak at 78-81 oC, whereas the minor 
peak at 84-87 oC. 
The QIAxcel system detected one amplicon of strains 
belonging to genus Granulicatella and the sizes of the PCR 
products were between 427-434 bp of the eight Gra. 
adiacens strains and 407 bp for the single Gra. elegans strain.  
DNA sequence analysis of PCR products was performed for Gemella strains and only few ambiguities 
nucleotide signals were present. These strains were the two Gra. adiacens strains of SSI-3282 and SSI-4469. 
The nucleotides in position 11 and 23 of the SSI-3282 were both substituted with R (signals from adenine 
and guanine) according to the IUPAC nucleotide code, whereas the nucleotide in position 17 as W (signals 
from adenine and thymine). The nucleotide in position 17 of the SSI-
4469 was also substituted with a W molecule. 
The edited sequence length of the ITS1-region without portions 
from the 16S and 23S rRNA genes was 218 bp for the eight Gra. 
adiacens strains and 198 bp for the Gra. elegans strain. 
Initially, when the forward and reverse sequence reads of the ITS1-
regions were assembled for the two Gra. adiacens strains (SSI-3282 
and SSI-4469), “gaps” were introduced to optimize the assembling. 
This indicated poor quality sequence reads as seen in Figure 20. 
Optimization of the PCR reactions were performed, but multiple 
Figure 19. Melting curve of the PCR products from 
one Gra. elegans strain (SSI-4533). Three 
fluorescence peaks were present with melting 
temperatures at 78-81 
0
C, 81-84 
0
C, and 84-87 
0
C 
with the SYBR assay.  
Figure 20. The initial 25 nucleotides from 
the 5’prime end of the edited ITS1-region 
for the SSI-3282 G. adiacens strain with 
low quality sequence reads due to the 
introduction of gaps to optimize 
sequence assembling. 
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signals were still present at few nucleotide positions, hence these were stated with IUPAC nucleotide 
codes. 
4.3.5 Genus Leuconostoc 
Real-time PCR amplifications were also detected for strains belonging to genus Leuconostoc and 
according to the melting curve analysis two fluorescence peaks were detected in all of the strains. The 
major peak had a melting temperature at 81-82 0C, whereas the minor peak at 82-84 0C for the Leu. citreum 
strain. The melting temperatures of the major fluorescence peaks from the two Leu. pseudomesenteroides 
were located at 82-84 0C, whereas the minor fluorescence peaks were located at 84-86 0C.  
According to the QIAxcel system, one single amplicon was present in all three Leuconostoc strains with 
the size of 605-619 bp for the two Leu. pseudomesenteroides strains and of 627 bp for the Leu. citreum 
strain. 
These PCR products resulted all in high quality sequence reads and no conflicts were present between 
the forward and reverse sequence reads when performing assembling to obtain the nucleotide sequence of 
the ITS1-region. When portions from the 16S and 23S rRNA genes were edited off the ITS1-region was 375 
bp for the Leu. citreum strain, whereas 370 bp for the two Leu. pseudomesenteroides strains.  
The ITS1-regions from the two non-uniformly identified Leuconostos strains were also amplified and the 
PCR products were between 599-604 bp according to the QIAxcel system. Two fluorescence peaks were 
displayed from the melting curve analysis of the PCR products. The major fluorescence peaks were located 
from the temperature at 80-82 0C, whereas the minor peaks at 82-85 0C. High quality sequence reads were 
obtained for both PCR products, and the edited ITS1-region sizes were exactly 370 bp for both Leuconostoc 
strains.  
4.3.6 The Globicatella, Helcococcus, Lactococcus, and Rothia strains 
No PCR amplifications were detected of strains belonging to the genera Globicatella (n = 3), Helcococcus 
(n = 1), Lactococcus (n = 5), and Rothia (n = 2). Different optimizations of the PCR were performed for 
strains of the stated genera, but still no PCR products were generated.  
4.3.7 Discussion of PCR amplifications and sequencing analysis of ITS1-regions and summary of 
the results 
In this study, we attempted to develop a PCR method able to amplify ITS1-regions from all strains 
belonging to Gram-positive, catalase-negative cocci that reassemble non-hemolytic streptococci 
morphologically, namely strains of Aerococcus, Abiotrophia, Gemella, Globicatella, Granulicatella, 
Helcococcus, Lactococcus, Leuconostoc, and Rothia.  
Out of 87 clinical strains concordance species identifications were obtained from the phenotypic 
examinations, 16S rRNA gene sequence-, and MALDI-TOF MS analysis. Genus Aerococcus was the genus 
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with the most predominantly number of clinical strains (n = 37). Only genus identification was obtained for 
nine clinical strains (Gemella n = 6, Leuconostoc n = 2, and Rothia n =1) when comparing the identifications 
obtained from the  identification methods.  
Expected amplifications were obtained from the positive control samples, and none amplifications were 
observed for the negative control sample. The ITS1-regions from strains belonging to the genera 
Globicatella (n = 3), Helcococcus (n = 1), Lactococcus (n = 5), and Rothia (n = 3) were unable to be amplified 
with the Strep16S_1471F and 6R-IGS primers, even though after optimization of the PCRs. The reason 
might be that this is a big diverse group of species. It is a challenge to design one pair of primers that will be 
sufficient complementary to all the species, especially with regards to the 6R-IGS primer. This 6R-IGS primer 
was solely based on 23S rRNA genes of strains belonging to the streptococci due to the lack of published 
23S rRNA genes of the genera Globicatella, Helcococcus, Lactococcus, and Rothia at the time this primer 
was designed. Therefore we decided to terminate the use of strains belonging to the genera Globicatella, 
Helcococcus, Lactococcus, and Rothia.  
Real-time PCR amplifications were only detected for strains belonging to the genera Aerococcus (n = 37), 
Abiotrophia (n = 2), Gemella (n = 16), Granulicatella (n = 9), and Leuconostoc (n = 3) with the 
Strep16S_1471F and 6R-IGS primers. By optimization of the PCR condition using SYBR Green master mix 
and changing the annealing temperature, one major PCR products were generated with high sequence 
quality. More than one PCR product with different melting properties and different sizes were amplified 
probably due to the presence of multiple operons. Amplifications were also detected for the non-uniformly 
identified clinical strains of genus Gemella (n = 6) and Leuconostoc (n = 2) as described in Table 4. Table 6 
gives a summary of ITS1-region sizes from the clinical strains in which portions from the 16S and 23S rRNA 
genes were edited off, thus edited ITS1-region sizes. The edited ITS1-region sizes from the genera 
Aerococcus, Abiotrophia, Gemella, and Granulicatella were pretty much in the same range (198-231 bp), 
whereas the sizes of the ITS1-regions from strains of genus Leuconostoc was approximately 139-177 bp 
longer than the remaining four genera (370-375 bp). Table 7 gives summary of the ITS1-region sizes of the 
type strains. 
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Genus n Edited ITS1-region size (bp) 
 
Genus n Edited ITS1-region size (bp) 
      
Abiotrophia 2 230-231 Helcococcus 1 ----- 
Aerococcus 37 207-228 Lactococcus 5 ----- 
Gemella 16 202-207 Leuconostoc 3 370-375 
Globicatella 3 ----- Rothia 3 ----- 
Granulicatella 9 198-218 Non-uniformly identified strains 
202-207 (Gemella strains, n = 6) 
370 (Leuconostoc strains, n = 2) 
 
 
 
Type strain ITS1-region size (bp) 
 
Type strain ITS1-region size (bp) 
    
Aerococcus christensenii 212 Gemella cuniculi 199 
Aerococcus sanguinicola 210  Gemella haemolysans 205 
Aerococcus suis 222  Gemella morbillorum 205 
Aerococcus urinae 207  Gemella palaticanis 184 
Aerococcus urinaehominis 204  Gemella sanguinis 199 
Aerococcus viridans 231  Granulicatella adiacens 216 
Abiotrophia defectiva 231  Granulicatella balaenopterae 204 
Alloiococcus otitis 227  Granulicatella elegans 198 
Dolosicoccus paucivorans 239  Ignavigranum ruoffiae 197 
Dolosigranulum pigrum 253  Leuconostoc citreum 377 
Facklamia hominis 270  Leuconostoc lactis 370 
Facklamia languida 230 
 Leuconostoc mesenteroides ssp. 
mesenteroides 
371 
Facklamia miroungae 233  Leuconostoc pseudomesenteroides 372 
Facklamia sourekii 215  Vagococcus fluvialis 232 
Gemella bergeri 206  
 
Some of the strains showed more than one fluorescence peak in the dissociation curves and there are 
several reasons for dissociation curves with multiple peaks. The peaks may represent more than one PCR 
products with different sizes or more than one PCR products with different nucleotide compositions. 
Rasmussen et al., has described that genes of interest with different sizes can have different melting 
domains as a results of different nucleotide compositions (Rasmussen, Saint, & Monis, 2007). Different 
parameters are affecting the melting temperatures of the fluorescence peaks. The type of fluorescence dye 
and Mg2+ concentration are affecting the melting temperatures (Ririe, Rasmussen, & Wittwer, 1997). 
Multiple fluorescence peaks may also indicate the presence of primer dimer formations. Primer dimer 
fluorescence peaks are usually at much lower temperatures. However, this may not be the case as the 
amplification primers of Strep16S_1471F and 6R-IGS had melting temperatures at 60-63.5 0C (data from the 
primer validation performed in the Gene Runner version 3.05) and the lowest temperature range of the 
fluorescence peaks were located from the temperature at 76 0C. 
Table 6. ITS1-region sizes of the clinical strains belonging to the genera Aerococcus, Abiotrophia, Gemella, 
Granulicatella, and Leuconostoc when portions from the 16S and 23S rRNA genes were edited off. ITS1-regions from 
Globicatella, Helcococcus, Lactococcus, and Rothia strains were not amplified. 
 
Table 7. ITS1-region sizes of the type strains belonging to the genera Aerococcus, Abiotrophia, Alloiococcus, 
Dolosicoccus, Dolosigranulum, Facklamia, Gemella, Granulicatella, Ignavigranum,  Leuconostoc, and Vagococcus. 
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Melting curve fluorescence peaks for strains belonging to the same species were located at the same 
temperature ranges indicating PCR products with similarity regards the sizes and nucleotide compositions. 
PCR products for strains belonging to different species and different genera with different melting 
temperatures indicate PCR product variability probably with regards to size and nucleotide composition. 
Therefore, ITS1-regions from species may have undergone genetic changes and in this way may serve as a 
target for differentiating species and genera from each other. In our study those strains with multiple PCR 
products with different sizes and concentrations or majorities may indicate the presence of more than one 
rrn operon. PCR products with different sizes indicates also that some kind of intercistronic heterogeneity 
may be present (Giannino et al., 2003). Those PCR products with a higher concentration may therefore be 
present in a higher copy number in the bacterial genome or that the amplification primers may have a 
higher level of complementarity to those rrn operons.  
High quality sequence reads of the ITS1-regions were generated from the DNA sequence analysis for 
most of strains with few ambiguities nucleotides within the ITS1-regions. These ambiguities signals were 
stated with IUPAC nucleotide codes. These nucleotides may probably interfere and slightly affect the 
results of the species identifications, phylogenetic analysis, and pairwise distance measurements. However, 
only 10 IUPAC nucleotide codes were introduces within the ITS1-regions of five strains; A. urinae (SSI-3250), 
Gem. haemolysans (SSI-652 and SSI-1237), and Gra. adiacens (SSI-3282 and SSI-4469). 
 
The Strep16S_1471F and 6R-IGS were also able to amplify the ITS1-region of non-hemolytic 
Streptococcus-like bacteria, namely the genera Aerococcus, Abiotrophia, Gemella, Granulicatella, and 
Leuconostoc. Thus, these primers originally designed for streptococcal strains could be considered as a 
“common key” for a wide range of bacteria being of Gram-positive, catalase-negative, and non-hemolytic 
coccal-shaped. 
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4.4 Identification of strains based on BLAST sequence analysis of ITS1-regions 
4.4.1 Sequence analysis of type strain ITS1-regions and examination whether or not tRNA 
sequences were present within the ITS1-region 
Type strain ITS1-regions were tested whether or not these sequences were similar with other sequences 
submitted to Genbank. Initially, 29 the type strain ITS1-regions were submitted to the Genbank database 
and were derived from the genera Abiotrophia (n = 1), Aerococcus (n = 6), Alloiococcus (n = 1), Dolosicoccus 
(n = 1), Dolosigranulum (n = 1), Facklamia (n = 4), Gemella (n = 6), Granulicatella (n = 3), Ignavigranum (n = 
1), Leuconostoc (n = 4), and Vagococcus (n = 1). Table 8 summaries the BLAST results.  
The best taxon matches of the 29 type strain ITS1-regions were all proposed as the same type strain 
ITS1-region when performing BLAST analysis. The second best taxon matches were predominantly 
proposed as type strain ITS1-regions belonging to the same genus as with the best taxon matches. For 
example, the ITS1-region derived from the A. christensenii type strain (CCUG 28831T) was proposed as the 
same type strain ITS1-region of A. christensenii (CCUG 28831 T) and the second best taxon match was the A. 
urinae type strain ITS1-region (CCUG 36881T). 
The maximum scores values of the best taxon matches were given from 340-697 for all of the 29 type 
strain ITS1-regions with maximum score differences to the next best taxon matches of 21-358. The higher 
maximum score values, the better pairwise alignments and the more similar sequences (Claverie, 2012). 
The maximum score differences between the best and second best taxon matches should at least be 10 for 
convincing identifications of the best taxon matches (Nielsen et al., 2009). The query coverages and 
maximum identity levels of the best taxon matches were both 100 %. Query coverages and maximum 
identity levels reveals how long the type strain ITS1-regions were covered with the NCBI proposed 
sequence matches and how similar the type strain ITS1-regions were with the NCBI proposed sequence 
matches (Gonze, 2012). The statistical Expectation values (E-value) of the best taxon matches were given 
from 0.0 to 1e-90. These E-values gives the probability of whether or not the NCBI proposed sequence 
matches were of homologous relationships with the type strain ITS1-regions. E-values of lower than 1e-02 
indicaes sequence comparisons less likely of random chance (Xiong, 2006). 
tRNA sequences within the ITS1-regions contributes to variation of length variations, and none tRNA 
sequences were present in the type strain ITS1-regions of the following genera; Aerococcus, Abiotrophia, 
Alloiococcus, Dolosicoccus, Dolosigranulum, Facklamia, Gemella, Granulicatella, Ignavigranum, and 
Vagococcus. Leuconostoc type strains were the only strains with tRNA sequences located in the ITS1-
regions, and this was a tRNAalanine sequence. 
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Genus and species 
Type strain 
information 
Best taxon match 
Second best taxon 
match 
Maximum 
score 
Maximum score 
differences of the 
best and second best 
taxon matches 
Query 
coverage 
[%] 
Maximum 
identity [%] 
E-value 
Genus Aerococcus         
A. christensenii  CCUG 28831 A. christensenii T A. urinae T 392 229 100 100  5e-106 
A. sanguinicola  CCUG 43001 A. sanguinicola T A. suis T 388 238 100 100 6e-105 
A. suis  CCUG 52530 A. suis T A. sanguinicola 411 261 100 100 1e-111 
A. urinae  CCUG 36881 A. urinae T A. christensenii T 383 220 100 100 3e-103 
A. urinaehominis  CCUG 42038B  A. urinaehominis T A. viridans T 377 266 100 100 1e-101 
A. viridans  CCUG 4311  A. viridans T A. urinaehominis T 427 316 100 100 1e-116 
Genus Abiotrophia         
Ab. defectiva  CCUG 27639  Ab. defectiva T Facklamia hominis T 427 328 100 100 1e-116 
Genus Alloiococcus         
Alloiococcus otitis  CCUG 32997  Alloiococcus otitis T Dolosigranulum pigrum T 420 310 100 100 2e-114 
Genus Dolosicoccus         
Dolosicoccus paucivorans  CCUG 39307  Dolosicoccus paucivorans T Facklamia sourekii T 438 320 100 100 7e-120 
Genus Dolosigranulum         
Dolosigranulum pigrum  CCUG 33392  Dolosigranulum pigrum T Alloiococcus otitis T 468 358 100 100 9e-129 
Genus Facklamia         
Facklamia hominis  CCUG 36813 Facklamia hominis T Facklamia languida T 496 281 100 100 4e-137 
Facklamia languida  CCUG 37842 Facklamia languida T Facklamia hominis T 422 207 100 100 6e-115 
Facklamia miroungae  CCUG 42728  Facklamia miroungae T  Facklamia hominis T 431 227 100 100 1e-117 
Facklamia sourekii  CCUG 28783A  Facklamia sourekii T 
Dolosicoccus 
paucivorans T 
398 280 100 100 1e-107 
Genus Gemella         
Gem. bergeri  CCUG 37817  Gem. bergeri T Gem. morbillorum T 372 144 100 100 1e-102 
Gem. cuniculi  CCUG 42726  Gem. cuniculi T Gem. morbillorum T 368 142 100 100 7e-99 
Gem. haemolysans  CCUG 37985  Gem. haemolysans T Gem. morbillorum T 379 66 100 100 3e-102 
Gem. morbillorum  CCUG 18164  Gem. morbillorum T Gem. haemolysans T 379 66 100 100 3e-102 
Gem. palaticanis  CCUG 39489  Gem. palaticanis T Gem. haemolysans T 340 192 100 100 1e-90 
Gem. sanguinis  CCUG 37820  Gem. sanguinis T Gem. morbillorum T 368 83 100 100 7e-99 
Genus Granulicatella         
Gra. adiacens  ATCC 49175  Gra. adiacens T Pediococcus pentosaceus 399 310 100 100 3e-108 
Gra. balaenopterae  CCUG 37380  Gra. balaenopterae T Gra. adiacens T 377 294 100 100 1e-101 
Gra. elegans  ATCC 700633  Gra. elegans T Gra. adiacens T 366 201 100 100 3e-98 
Genus Ignavigranum         
Ignavigranum ruoffiae  CCUG 37658  Ignavigranum ruoffiae T Facklamia languida T 364 306 100 100 9e-98 
Genus Leuconostoc         
Leu. citreum  NRIC 1776  Leu. citreum T  Leu. lactis 697 177 100 100 0.0 
Leu. lactis  NRIC 1540  Leu. lactis T Leu. carnosum 680 175 100 100 0.0 
Leu. mesenteroides ssp. CCUG 30066  Leu. mesenteroides ssp. Leuconostoc cremoris  686 21 100 100 0.0 
Table 8. Data from the BLAST analysis of type strain ITS1-region derived from the Aerococcus, Abiotrophia, Alloiococcus, Dolosicoccus, Dolosigranulum, Facklamia, 
Gemella, Granulicatella, Ignavigranum, Leuconostoc, and Vagococcus strains. 
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Table 9. Data from the BLAST analysis of the ITS1-region derived from the clinical strains belonging to the genera Aerococcus, Abiotrophia, Gemella, Granulicatella, and Leuconostoc.  
mesenteroides  mesenteroides T  
Leu. pseudomesenteroides  NRIC 1777  Leu. pseudomesenteroides T 
Leu. mesenteroides ssp. 
mesenteroides 
688 152 100 100 0.0 
Genus Vagococcus         
Vagococcus fluvialis  CCUG 32704  Vagococcus fluvialis T Enterococcus faecium 429 323 100 100 4e-117 
T
 Type strain 
4.4.2 Sequence analysis of clinical strain ITS1-regions  
ITS1-regions derived from the clinical strains were used to determine the identifications of the strains. This was done by testing whether or not the 
ITS1-regions were similar with other genes from the NCBI nucleotide database with the use of BLAST analysis. Table 9 gives summary of these data. 
Table 10 shows BLAST pairwise sequence alignment results for the non-uniformly identified clinical strains based on the phenotypic examinations, 16S 
rRNA gene sequence-, and MALDI-TOF MS analysis.  
Genus and species n Best taxon match 
Second best taxon 
match 
Maximum 
score 
Maximum score 
differences of the 
best and second best 
taxon matches 
Query coverage 
[%] 
Maximum identity 
level [%] 
E-value 
Identification 
level 
Genus Aerococcus 
A. christensenii 3 A. christensenii T A. urinae T 370-392 216-229 100 98-100  4e-106 … 2e-99 Species 
A. sanguinicola 5 A. sanguinicola T A. suis T 388 238 100 100 6e-105 Species 
A. urinae 27 A. urinae T A. christensenii T 377-383 218-220 99-100 99-100 3e-103 … 1e-101 Species 
A. viridans 2 A. viridans T A. urinaehominis T 363-416 233-308 99-100 95 -99 3e-113 … 4e-97 Species 
Genus Abiotrophia 
Ab. defectiva 2 Ab. defectiva T Facklamia hominis T 399-417 299-318 100 99-100 1e-113 … 3e-108 Species 
Genus Gemella 
Gem. bergeri 4 Gem. bergeri T Gem. morbillorum T 316-381 94-150 99-100 94-100 9e-103 … 3e-83 Species 
Gem. haemolysans 3 Gem. haemolysans T Gem. morbillorum T 348-366 22-66 100 97-99 3e-98 … 1e-92 Species  
Gem. morbillorum 8 Gem. morbillorum T Gem. haemolysans T 363-379 66-88 100 99-100 3e-100 … 3e-97 Species  
Gem. sanguinis 1 Gem. sanguinis T Gem. morbillorum T 368 83 100 100 7e-99 Species 
Genus Granulicatella 
Gra. adiacens 8 Gra. adiacens T 
Pediococcus 
pentosaceus 
377-390 282-298 99 98-99 2e-105 … 6e-100 Species 
Gra. elegans 1 Gra. elegans T Gra. adiacens T 338 171 100 98 8e-90 Species 
Genus Leuconostoc 
Leu. citreum 1 Leu. citreum T  Leu. lactis 689 177 100 100 0.0 Species 
Leu. pseudo- 
mesenteroides 
2 
Leu. pseudo-
mesenteroides T 
Leu mesenteroides 
ssp. mesenteroides 
J18 
652 129 99 99 0.0 Species 
T
 Type strain 
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Table 10. Data from the BLAST analysis of ITS1-region derived from the non-uniformly identified clinical strains belonging to the genera Gemella and Leuconostoc. 
 
 
Genus and species Best taxon match 
Second best taxon 
match 
Maximum 
score 
Maximum score dif  
ferences of the best 
and second best 
taxon matches 
Query 
coverage 
[%] 
Maximum 
identity 
level [%] 
E-value Identification 
Identification 
level 
Genus Gemella  
SSI-264 
Gem. morbillorum or 
Gem. haemolysans 
Gem. haemolysans T Gem. morbillorum T 315 6 100 95 9e-83 
Gemella haemolysans or  
Gemella morbillorum 
Genus 
SSI-1118  
Gem. morbillorum or 
Gem. cuniculi 
Gem. morbillorum T Gem. sanguinis T 364 88 100 99 9e-98 Gemella morbillorum Species 
SSI-1477  
Gem. morbillorum or 
Gem. haemolysans 
Gem. morbillorum T Gem. sanguinis T 364 88 100 99 9e-98 Gemella morbillorum Species 
SSI-3768 
Gem. haemolysans or 
Gem. morbillorum 
Gem. haemolysans T Gem. morbillorum T 315 6 100 95 4e-81 
Gemella haemolysans or  
Gemella morbillorum 
Genus 
SSI-4248 
Gem. haemolysans or 
Gem. cuniculi 
Gem. haemolysans T Gem. morbillorum T 335 11 100 96 7e-89 Gemella haemolysans Species 
SSI-4628 
Gemella species 
Gem. morbillorum T Gem. sanguinis T 363 84 100 99 3e-97 Gemella morbillorum Species 
Genus Leuconostoc  
SSI-1050  
L. garlicum or  
Leu. lactis 
Leu. lactis T Leu. citreumT 658 148 99 99 0.0 Leuconostoc lactis  Species 
SSI-4937  
L. garlicum or  
Leu. lactis 
Leu. lactis T Leu. citreumT 664 165 99 99 0.0 Leuconostoc lactis  Species 
T
 Type strain
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4.4.2.1 Genus Aerococcus 
BLAST analysis of the ITS1-regions derived from the Aerococcus clinical strains were proposed as the 
corresponding Aerococcus type strain ITS1-region. The second best taxon matches were also proposed as 
Aerococcus type strain ITS1-regions. For example, ITS1-regions derived from the A. urinae strains were 
proposed as the A. urinae type strain ITS1-region as best taxon match and as A. christensenii type strain 
ITS1-region as second best taxon match.   
Data from the BLAST analysis revealed convincing identifications based on the ITS1-regions. The 
maximum score differences between the best and second best taxon matches were of 216-308, thus higher 
than 10. The statistical significance E-values were between 3e-113 to 4e-97 which was lower than the 1e-02 
thus less likely results taxon matches of random chances. The query coverages and maximum identity levels 
of ITS1-regions were between 99-100 % and 95-100 %, respectively. The 95 % maximum identity level was 
obtained for one A. viridans strain ITS1-region (SSI-3270). If this A. viridans strain was left out of account, 
the overall maximum identity level would be 98-100 % for Aerococcus ITS1-regions. The 95 % maximum 
identity level of this strain was due to the presence of variations within the ITS1-region nucleotide 
sequences of this A. viridans 
strain (SSI-3270) compared 
to the A. viridans type strain 
ITS1-region (best taxon 
match). The corresponding 
pairwise alignment can be 
seen in Figure 21 in which 
five nucleotide variations 
were present between 
these A. viridans ITS1-
regions. Additionally, six 
gaps were introduced for optimizing of the ITS1-region alignment.  
4.4.2.2 Genus Abiotrophia 
The two Ab. defectiva strains were proposed as the corresponding Ab. defectiva type strain from the 
BLAST analysis based on the ITS1-region and second best taxon matches were Facklamia hominis type 
strain ITS1-region. The maximum score differences of these taxon matches were 299-318, indicating 
convincing sequence match due to higher than 10 maximum score differences. The query coverages 
between the clinical ITS1-regions and Ab. defectiva type strain ITS1-region were 100 % and the maximum 
identity levels were 99-100 %. The E-values were in the range of 1e-116 to 3e-113 indicating the best taxon 
matches less likely results of random chances.  
Figure 21. Pairwise alignment of the ITS1-regions from one A. viridans strain (SSI-3270) 
and the A. viridans CCUG 4311 type strain. The maximum identity level was only 95 % 
between these two ITS-regions due to the presence of nucleotide variations and 
introduction of gaps to optimize the alignment. 
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4.4.2.3 Genus Gemella 
The ITS1-regions of Gemella strains were proposed as the corresponding Gemella type strain ITS1-
regions from the BLAST analysis and the second best taxon matches were proposed as related Gemella type 
strain ITS1-regions. 
 Gem. bergeri (n = 4) ITS1-regions were proposed as the G. bergeri type strain ITS1-region with 
maximum score differences 94-150 to the second best taxon match being of Gem. morbillorum type strain 
ITS1-regions. The query coverages were 99-100 %, the maximum identity levels 99-100 %, whereas the E-
values between 9e-103 to 3e-83. If the ITS1-regions from the SSI-4984 Gem. bergeri strain was excluded 
from the examinations, then 
100 % maximum identity 
value would be obtained. The 
reason for 94 % maximum 
identity can be found in 
Figure 22. Nucleotide 
variations were present and 
gaps were introduced for 
optimizing the pairwise 
alignment for the G. bergeri 
ITS1-region (SSI-4984). The 
second best taxon match 
was the Gem. bergeri type strain ITS1-regions 
The single Gem. sanguinis strain was also proposed as the Gem. sanguinis strains according to the ITS1-
region, and the maximum score difference between the best and second best taxon match (Gem. 
morbillorum) was 83. The query coverage and maximum identity level were 100 % and the E-value was 7e-
99.  
The Gem. haemolysans clinical strains were proposed as Gem. haemolysans type strain according to the 
ITS1-regions, and second best as Gem. morbillorum type strains ITS1-regions. The maximum score 
differences between the best and second best taxon matches were of 22-66. Query coverages were 100 % 
and the maximum identity levels 97-99 %. 
Three IUPAC nucleotide codes were introduced to the Gem. haemolysans ITS1-region sequence (SSI-
652). Figure 23 shows the pairwise alignment of the ITS1-region (SSI-652) with the Gem. haemolysans type 
strain ITS1-region. One gap was introduced and one nucleotide variation was present. The E-values were 
3e-98 to 1e-92. The 97 % maximum identity level can be explained with the introduction of five gaps for 
Figure 22.  Pairwise alignment of ITS1-regions from the clinical Gem. bergeri strain (SSI-
4984) and the Gem. bergeri CCUG 37817 type strain. The maximum identity level was 
only 94 % between these two ITS-regions due to the presence of nucleotide variations 
and introduction of gaps to optimize the alignment. 
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optimizing the pairwise 
alignment between the clinical 
ITS1-region and the G. 
haemolysans type strain ITS1-
region.  
The Gem. morbillorum 
strains (n = 8) were all 
proposed as Gem. 
morbillorum as best and Gem. 
haemolysans as second best 
taxon match with BLAST analysis of the ITS1-regions. The maximum score differences between the best and 
second bets taxon matches were 66-88. The query coverages were 100 % with the best taxon matches, the 
maximum identity levels were 99 %, whereas the E-values were in the range of 2e-100 to 3e-97.  
Non-uniformly identified Gemella strains 
Three of the non-uniformly Gemella strain of SSI-1118 (Gem. morbillorum or Gem. cuniculi), SSI-1477 
(Gem. morbillorum or Gem. 
haemolysans), and SSI-4628 
(Gemella species) were all 
proposed as the Gem. 
morbillorum type strain with 
sequence analysis of the ITS1-
regions. The second best taxon 
matches were Gem. cuniculi 
(SSI-1118), Gem. haemolysans 
(SSI-1477), or Gem. sanguinis 
(SSI-4628) type strain ITS1-
regions. The maximum score 
differences between the best and second best taxon matches were of 84-88. The following data were 
obtained from the best taxon matches; query coverages were 100 %, maximum identity levels were 99 %, 
and E-values between 9e-98 to 3e-97. 
The ITS1-region from the SSI-4248 strain (Gem. haemolysans or Gem. cuniculi) proposed the Gem. 
haemolysans type strain ITS1-region as the best taxon match and second best as Gem. morbillorum type 
strain ITS1-region. The maximum score differences between these taxon matches were 11. The query 
coverage was 100 % and the maximum identity level was 96 %. The 96 % maximum identity level was due 
Figure 23. Pairwise alignments of ITS1-regions from the clinical Gem. haemolysans strain 
(SSI-652) and the Gem. haemolysans CCUG 37985 type strain. The maximum identity 
level was only 98 % between these two ITS-regions due to the presence of nucleotide 
variations and introduction of gaps to optimize the alignment. 
Figure 24. Pairwise alignment of ITS1-regions from the clinical Gem. haemolysans 
strain (SSI-4248) and the Gem. haemolysans CCUG 37985 type strain. The maximum 
identity level was only 96 % between these two ITS-regions due to the presence of 
nucleotide variations and introduction of gaps to optimize the alignment. 
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to introduction of six gaps and the presence of two nucleotide variations between the SSI-4248 and the 
Gem. haemolysans type strain ITS1-region, see Figure 24. 
The two non-uniformly identified SSI-264 (Gem. morbillorum or Gem. haemolysans) and SSI-3768 (Gem. 
haemolysans or Gem. morbillorum) strains were both proposed as Gem. haemolysans type strain as best 
taxon match and as Gem. morbillorum type strain as second best taxon match according to the ITS1-
regions. The maximum score 
difference between the best 
and second best taxon 
matches were only six, which is 
lower than 10 used for a 
convincing match. The ITS1-
region query coverage and 
maximum identity level for the 
best taxon matches (Gem. 
haemolysans) were 100 % 
and 95 %, respectively. The 
same values were 100 % and 
94 % for the second best 
taxon match of Gem. morbillorum, respectively. 94-95 % maximum identity levels with Gem. haemolysans 
and Gem. morbillorum ITS1-regions were due to the presence of two nucleotide variations and introduction 
of nine gaps for optimizing the pairwise alignment. When comparing the ITS1-region from the SSI-264 and 
SSI-3768, identical ITS1-region sequences were observed. Figure 25 gives an example of the pairwise 
alignment of the ITS1-region from the SSI-264 and SSI-3768 strains with the Gem. haemolysans type strain 
ITS1-region. The statistical E-values of the best and second best taxon matches were of 9e-83 to 4e-81. 
Based on these results, ITS1-regions from some Gemella strains may have challenges in species 
identification and that this ITS1-region is only discriminative enough to reveal genus identification.  
4.4.2.4 Genus Granulicatella 
Based on sequence analysis of the ITS1-regions, the Gra. adiacens (n = 8) strains were all proposed as 
the Gra. adiacens type strain as best taxon match and second best as Pediococcus pentosaceus (Gram-
positive, catalase-negative cocci (Ruoff, 2002)).The maximum score differences between the best and 
second best taxon matches were 282-298. The query coverages were 99 %, the maximum identity levels 
were 98-99 %, whereas the E-values were between 2e-105 to 6e-100. Only one clinical Gra. elegans strain 
was included in this study, and the ITS1-region from this strain was proposed as the Gra. elegans type strain 
ITS1-region according to the BLAST analysis. The Gra. adiacens type strain ITS1-region was proposed as the 
Figure 25. Pairwise alignment of ITS1-regions from the non-uniformly identified Gem. 
haemolysans or Gem. morbillorum strain (SSI-3768 and SSI-264) and the Gem. 
haemolysans CCUG 37985 type strain. The maximum identity levels between the ITS-
region of the clinical strains and the Gem. haemolysans type strain were only 95 % due to 
the presence of nucleotide variations and introduction of gaps to optimize the alignment. 
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second best taxon match. The maximum score difference was 171 between the best and second best taxon 
match, the query coverages was 97 % maximum identity levels was 100 %, and the E-value was 1e-95.  
4.4.2.5 Genus Leuconostoc 
Sequence analysis of the ITS1-region derived from the Leu. citreum (n = 1) strain was proposed as the 
Leu. citreum type strain ITS1-region as best taxon match. The second best taxon match was proposed as 
Leu. lactis (Leuconostoc lactis 23S rRNA gene, ITS2 and 5S rRNA gene, type strain CECT 5746T, Genbank accession no. 
AM773711.1). The maximum score difference between the best and second best taxon match was 177, the 
query coverage and maximum identity level were 100 %, whereas the E-value was 0.0. The ITS1-region 
from the two Leu. pseudomesenteroides strains were proposed as the Leu. pseudomesenteroides type 
strain ITS1-region. The second best taxon matches were the Leuconostoc mesenteroides ssp. mesenteroides 
J18 strain (genbank accession number CP003101.1). The maximum score differences between these taxon matches 
were 129, the query coverages and maximum identity levels were 99 %, and the E-values were 0.0.  
Non-uniformly identified Leuconostoc strains 
Two strains (SSI-1050 and SSI-4937) were non-uniformly identified as L. garlicum or Leu. lactis based on 
the comparison of the 16S rRNA gene sequence- and MALDI-TOF MS analysis. Sequence analysis of the 
ITS1-regions proposed the Leu. lactis type strain ITS1-region as best taxon match and second best as Leu. 
citreum type strain ITS1-region with the maximum score differences of 148-165 for both strains. The query 
coverages and the maximum identity levels were both 99 % for both strains and the E-values of 0.0. 
4.4.3 Discussion of the bacterial identifications based on sequence analysis of the ITS1-regions 
and summary of the results 
Type strain identifications 
The ITS1-region sequences of the Aerococcus, Abiotrophia, Alloiococcus, Dolosicoccus, Dolosigranulum, 
Facklamia, Gemella, Granulicatella, Ignavigranum, Leuconostoc, and Vagococcus type strains were 
submitted and included in NCBI database. Afterwards, when doing BLAST analysis all collection strains 
obtained themselves as best hit. The maximum score difference to the next best taxon matches were 
higher than 10 (maximum score differences 21-358). These results exhibited the BLAST analysis are able to 
propose correct sequence matches, and that the great maximum score differences were observed for type 
strain ITS1-regions and the proposed sequence matches. 
Clinical strain identifications 
Sequence analysis of the ITS1-region sequences from the Aerococcus, Abiotrophia, Granulicatella, and 
Leuconostoc clinical strains were used for identification analysis, and each clinical strain was proposed as 
the corresponding type strain ITS1-region, either ITS1-regions derived from this study or from other 
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research groups. These identifications were in concordance with those obtained from the phenotypic 
examinations, 16S rRNA gene sequence-, and MALDI-TOF MS analysis.  
Convincing identifications were obtained for Aerococcus, Abiotrophia, Granulicatella, and Leuconostoc 
strains with maximum score differences higher than 10 between the best and second best taxon matches 
(maximum score difference 129-318). Mainly, 99-100 % maximum identity levels were observed of ITS1-
regions with the corresponding type strain ITS1-regions. The E-values were lower than 1e-02, thus 
homologous relationships with the proposed matches. Thus, sequence analysis of the ITS1-region seems as 
a promising tool for allocating strains to the expected species level. 
Species level identification was also observed for Gemella strains (n = 20) with sequence analysis of the 
ITS1-region, but some clinical strains were only allocated to the expected genus level (n = 2). Overall, higher 
than 10 maximum score differences were observed (maximum score difference 11-150) and 94-100 % 
maximum identity levels with the NCBI proposed type strain ITS1-region matches. Three out of 20 Gemella 
ITS1-regions with non-uniformly identifications were proposed as Gem. morbillorum (n = 3) ITS1-regions  
from the BLAST analysis with higher than 10 maximum score differences (maximum score difference 84-88) 
and 99 % maximum identity level.  
Few ITS1-regions (A. viridans (n = 1), Gem. bergeri (n = 1), and one non-uniformly Gem. morbillorum (n 
= 1)) had only 94-96 % maximum identity levels with the BLAST proposed ITS1-region sequences. Two 
Gemella strains were only identified either as Gem. haemolysans or Gem. morbillorum according to the 
ITS1-regions with maximum score difference of only six and maximum identity levels of 94-95 % with Gem. 
haemolysans or Gem. morbillorum type strain ITS1-regions. Thus, reclassification might be necessary for 
those strains with low ITS1-region maximum identity levels and lower than 10 maximum score differences 
to the next best taxon matches. 
tRNA sequences within the ITS1-regions 
It was investigated whether or not tRNA sequences were present within the type strain ITS1-region. 
None tRNA sequences were observed in the type strain ITS1-regions of the following genera; Aerococcus, 
Abiotrophia, Alloiococcus, Dolosicoccus, Dolosigranulum, Facklamia, Gemella, Granulicatella, Ignavigranum, 
and Vagococcus. Only the tRNAalanine sequence was present within Leuconostoc type strain ITS1-regions. 
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4.5 MSAs, phylogenetic analysis, and distance measurements of ITS1-regions  
4.5.1 Selection of the MSA method of choice 
Type strain ITS1-regions were used to generate MSAs with four different methods to determine the best 
alignment method of choice for ITS1-regions. The four methods were the ClustalW, Tcoffee, MultAlin, and 
Mafft.  
The MSA methods gave rise to different ITS1-region alignment outcomes derived from the Aerococcus, 
Abiotrophia, Gemella, Granulicatella, and Leuconostoc strains. Predominantly, the same conserved regions 
were present in all four methods, interrupted with regions with low conservation. Especially, the low 
conserved regions are of great importance for the MSA methods selection process. The MSAs were also 
used for the phylogenetic analysis of the ITS1-regions and for calculating ITS1-region inter- and intraspecies 
distances. All of the four MSAs methods demonstrated different alignment qualities. Some methods 
introduced more gaps to optimize the alignments than other.  
Overall, similar phylogenetic relationships were observed with the four MSA methods, in which 
clustering of related strains as distinct clusters. Although, different bootstrap values were given for the 
phylogenetic trees, and these values reveals the robustness of the phylogenetic tree. Bootstrap values are 
given as percentages and the closer to 100 %, the more reliable node arrangement (Claverie, 2012; Xiong, 
2006). 
The pairwise ITS1-region sequence distances were calculated based on the same ITS1-region MSAs. The 
Kimura’s two-parameter substitution model was used to calculate the pairwise ITS1-region distances of the 
MSAs from the four alignment methods. In general, the shorter inter- and intraspecies distances of the 
ITS1-regions, the better ITS1-region sequence alignment. The shortest inter- and intraspecies ITS1-region 
distances were observed for those MSAs based on the ClustalW method.  
Based on the MSA qualities, phylogenetic relationships, bootstrap values and inter- and intraspecies 
distance of the ITS1-regions, the ClustalW method was selected as the most optimum MSA method. Today, 
one of the most used MSA method of choice is the ClustalW method (Chenna et al., 2003).  
4.5.2 The type strain ITS1-regions variability of Aerococcus, Abiotrophia, Gemella, 
Granulicatella, and Leuconostoc species 
The ITS1-region variability among various type strains belonging to the genera Aerococcus, Abiotrophia, 
Gemella, Granulicatella, and Leuconostoc were analyzed. Figure 26 exhibits the initial 60 MSA region of 
ITS1-regions, and gaps were introduced for optimizing the ITS1-region alignments. Species-specific 
nucleotide regions were present, and not even two ITS1-region sequences were identical.  Type strain ITS1-
regions belonging to the same genus were more similar than with type strain ITS1-region belonging to the 
other genera.  
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Figure 26. The Initial part of the MSA of type strain ITS1-regions from the genera Aerococcus, Abiotrophia, Gemella, 
Granulicatella, and Leuconostoc.  
 
 
            1                 20                  40                  60 
A_christensenii_CCUG_28831_T          ----------ATAT-------------------TATGGAAT---ACAC------------ 
A_urinae_CCUG_36881_T                 ----------ATATA------------------TTCGGAAT---ACAT------------ 
A_sanguinicola_CCUG_43001_T           ----------ATA-T------------------AACGGAAT---ACAC------------ 
A_suis_CCUG_52530_T                   ----------ATAAT------------------TTCGGAAT---ACAC------------ 
A_urinaehominis_CCUG_42038B_T         ----------ATAT-------------------TACGGAAT---GCAC------------ 
A_viridans_CCUG_4311_T                ---------AATAT-------------------AACGGAA----ACAC------------ 
G_adiacens_ATCC_49175_T               ATAAACCTCAGTGCCGTAAGGTATTGAAGGTAATACGGAACCCTACAG------------ 
G_elegans_CCUG_38949_T                ATAACATCTAATGT--TTCGACGTTAGATG-AACACGGAACCCTACAG------------ 
G_balaenopterae_CCUG_37380_T          --AA----TAATA---------------------ACGGAACCTACCAA------------ 
L_citreum_NRIC_1776_T                 ---AAGGATAAT-----------------------CGGAAAGTGACAGTGCATTAGATTG 
L_lactis_NRIC_1540_T                  ---AAGGATAAT-----------------------CGGAAAGTGACAGTACATTAGATTG 
L_mes_ssp_mesenteroides_CCUG_30066_T  -------ATAAT-----------------------CGGAAAGCGACAGGGACTTAAGT-G 
L_pseudomesenteroides_NRIC_1777_T     ---AAGGATAAT-----------------------CGGAAAGCGACAGTGACTTAGAT-G 
G_bergeri_CCUG_37817_T                ---------AAAAA----------------------GGAAT-----AA------------ 
G_cuniculi_CCUG_42726_T               --------AAGAAG----------------------GGATT-----AA------------ 
G_haemolysans_CCUG_37985_T            ----------ATAA----------------------GGAAT-----AC------------ 
G_morbillorum_CCUG_18164_T            ----------ATAA----------------------GGAAT-----AC------------ 
G_sanguinis_CCUG_37820_T              ----------ATAA----------------------GGAAT-----TG------------ 
G_palaticanis_CCUG_39489_T            ---------ATAGA----------------------GGAAT-----AAC----------- 
A_defectiva_CCUG_27639_T              ---------AGTAAC---------------------GGAACCTCACAGA----------- 
 
 
The MSA with type strain ITS1-regions were used to establish the phylogenetic relationships, Figure 27. 
Distinct phylogenetic clustering were observed and related type strain ITS1-regions were clustered with 
related type strain ITS1-regions. For example, ITS1-regions derived from Aerococcus type strains were 
closely related and generated a separate cluster.  
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Figure 27. Phylogenetic relationships of type strain ITS1-regions belonging to 
the genera Aerococcus, Abiotrophia, Gemella, Granulicatella, and Leuconostoc. 
Clustering of related species belonging to the same genus were observed, but 
with low bootstrap values.  
 Aerococcus urinaehominis CCUG 42038B T
 Aerococcus viridans CCUG 4311 T
 Aerococcus suis CCUG 52530 T
 Aerococcus christensenii CCUG 28831 T
 Aerococcus urinae CCUG 36881 T
 Aerococcus sanguinicola CCUG 43001 T
 Granulicatella balaenopterae CCUG 37380 T
 Granulicatella adiacens ATCC 49175 T
 Granulicatella elegans CCUG 38949 T
 Leuconostoc pseudomesenteroides NRIC 1777 T
 Leuconostoc citreum NRIC 1776 T
 Leuconostoc lactis NRIC 1540 T
 Leuconostoc mesenteroides ssp mesenteroides CCUG 30066 T
 Abiotrophia defectiva CCUG 27639 T
 Gemella haemolysans CCUG 37985 T
 Gemella morbillorum CCUG 18164 T
 Gemella sanguinis CCUG 37820 T
 Gemella palaticanis CCUG 39489 T
 Gemella bergeri CCUG 37817 T
 Gemella cuniculi CCUG 42726 T
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Even though clustering of related type strain ITS1-regions were observed, the statistical E-values were 
given from 25-98 % which is a wide range. The E-values were given from 86-98 % for those branches given 
rise to type strain ITS1-regions derived from the same genera. A wide range of bootstrap values are 
probably related with ITS1-region variabilities, thus the need for introducing gaps for optimizing of the 
MSA. 
4.5.3 The inter- and intraspecies variability of clinical ITS1-regions  
4.5.3.1 Genus Aerococcus 
Figure 28 shows the initial 60 nucleotides of the MSA of ITS1-regions derived from Aerococcus strains. 
Large block of conserved regions were present, interrupted with species-specific signature nucleotides 
which may facilitate for differentiation of Aerococcus strains.  
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Figure 28. The initial part of the MSA of ITS1-regions derived from genus Aerococcus strains. Both clinical and type strain 
ITS1-regions were included.  
 
             1                20                   40                  60 
Aerococcus_sanguinicola_CCUG_43001_T    ----ATATAACGGAATACACA--------ATCGTCACTTTGTTCAGTTTTGAGAGGTCT- 
A_sanguinicola_SSI_1584                 ----ATATAACGGAATACACA--------ATCGTCACTTTGTTCAGTTTTGAGAGGTCT- 
A_sanguinicola_SSI_4094                 ----ATATAACGGAATACACA--------ATCGTCACTTTGTTCAGTTTTGAGAGGTCT- 
A_sanguinicola_SSI_4486                 ----ATATAACGGAATACACA--------ATCGTCACTTTGTTCAGTTTTGAGAGGTCT- 
A_sanguinicola_SSI_4496                 ----ATATAACGGAATACACA--------ATCGTCACTTTGTTCAGTTTTGAGAGGTCT- 
A_sanguinicola_SSI_4944                 ----ATATAACGGAATACACA--------ATCGTCACTTTGTTCAGTTTTGAGAGGTCT- 
Aerococcus_christensenii_CCUG_28831_T   ----ATATTATGGAATACACA-----TT-GCGTTTTCTTTGTTTAGTTTTGAGAGGTCT- 
A_christensenii_SSI_3251                ----ATATTATGGAATACACA-----TT-GCGTTTTCTTTGTTTAGTTTTGAGAGGTCT- 
A_christensenii_SSI_3252                ----ATATTATGGAATACACA-----TT-GCGTTTTCTTTGTTTAGTTTTGAGAGGTCT- 
A_christensenii_SSI_3184                ----ATATTACGGGATACACA-----TT-ACGTTTTCTTTGTTTAGTTTTGAGAGGTCT- 
A_urinae_SSI_131                        --ATATATT-CGGAATACATA-----TTTGAGTCTTCTTTGTTTAGTTTTGAGAGGTCT- 
A_urinae_SSI_3571                       --ATATATT-CGGAATACATA-----TTTGAGTCTTCTTTGTTTAGTTTTGAGAGGTCT- 
A_urinae_SSI_940                        --ATATATT-CGGAATACATA-----TTTGAGTCTTCTTTGTTTAGTTTTGAGAGGTCT- 
A_urinae_SSI_980                        --ATATATT-CGGAATACATA-----TTTGAGTCTTCTTTGTTTAGTTTTGAGAGGTCT- 
A_urinae_SSI_1508                       --ATATATT-CGGAATACATA-----TTTGAGTCTTCTTTGTTTAGTTTTGAGAGGTCT- 
A_urinae_SSI_2449                       --ATATATT-CGGAATACATA-----TTTGAGTCTTCTTTGTTTAGTTTTGAGAGGTCT- 
A_urinae_SSI_3104                       --ATATATT-CGGAATACATA-----TTTGAGTCTTCTTTGTTTAGTTTTGAGAGGTCT- 
A_urinae_SSI_3459                       --ATATATT-CGGAATACATA-----TTTGAGTCTTCTTTGTTTAGTTTTGAGAGGTCT- 
A_urinae_SSI_3910                       --ATATATT-CGGAATACATA-----TTTGAGTCTTCTTTGTTTAGTTTTGAGAGGTCT- 
A_urinae_SSI_4725                       --ATATATT-CGGAATACATA-----TTTGAGTCTTCTTTGTTTAGTTTTGAGAGGTCT- 
A_urinae_SSI_790                        --ATATATT-CGGAATACATA-----TTTGAGTCTTCTTTGTTTAGTTTTGAGAGGTCT- 
A_urinae_SSI_3140                       --ATATATT-CGGAATACATA-----TTTGAGTCTTCTTTGTTTAGTTTTGAGAGGTCT- 
A_urinae_SSI_972                        --ATATATT-CGGAATACATA-----TTTGAGTCTTCTTTGTTTAGTTTTGAGAGGTCT- 
A_urinae_SSI_1245                       --ATATATT-CGGAATACATA-----TTTGAGTCTTCTTTGTTTAGTTTTGAGAGGTCT- 
A_urinae_SSI_1999                       --ATATATT-CGGAATACATA-----TTTGAGTCTTCTTTGTTTAGTTTTGAGAGGTCT- 
A_urinae_SSI_3103                       --ATATATT-CGGAATACATA-----TTTGAGTCTTCTTTGTTTAGTTTTGAGAGGTCT- 
A_urinae_SSI_3248                       --ATATATT-CGGAATACATA-----TTTGAGTCTTCTTTGTTTAGTTTTGAGAGGTCT- 
A_urinae_SSI_3852                       --ATATATT-CGGAATACATA-----TTTGAGTCTTCTTTGTTTAGTTTTGAGAGGTCT- 
A_urinae_SSI_4410                       --ATATATT-CGGAATACATA-----TTTGAGTCTTCTTTGTTTAGTTTTGAGAGGTCT- 
A_urinae_SSI_4755                       --ATATATT-CGGAATACATA-----TTTGAGTCTTCTTTGTTTAGTTTTGAGAGGTCT- 
A_urinae_SSI_4157                       --ATATATT-CGGAATACATA-----TTTGAGTCTTCTTTGTTTAGTTTTGAGAGGTCT- 
A_urinae_SSI_3640                       --ATATATT-CGGAATACATA-----TTTGAGTCTTCTTTGTTTAGTTTTGAGAGGTCT- 
A_urinae_SSI_3242                       --ATATATT-CGGAATACATA-----TTTGAGTCTTCTTTGTTTAGTTTTGAGAGGTCT- 
A_urinae_SSI_2530                       --ATATATT-CGGAATACATA-----TTTGAGTCTTCTTTGTTTAGTTTTGAGAGGTCT- 
A_urinae_SSI_1640                       --ATATATT-CGGAATACATA-----TTTGAGTCTTCTTTGTTTAGTTTTGAGAGGTCT- 
A_urinae_SSI_998                        --ATATATT-CGGAATACATA-----TTTGAGTCTTCTTTGTTTAGTTTTGAGAGGTCT- 
A_urinae_SSI_3250                       --ATATATT-CGGAATACATA-----TTTGAGTCTTCTTTGTTTAGTTTTGAGAGGTCT- 
Aerococcus_urinae_CCUG_36881_T          --ATATATT-CGGAATACATA-----TTTGAGTCTTCTTTGTTTAGTTTTGAGAGGTCT- 
Aerococcus_viridans_CCUG_4311_T         ---AATATAACGGAA-ACACAATGTGTTTGACGCTTCTTTGTTTAGTTTTGAGAGATTT- 
A_viridans_SSI_3363                     ---AATATAACGGAA-ACACAATGTGTTTGACTCTTCTTTGTTTAGTTTTGAGAGATTT- 
A_viridans_SSI_3270                     ---AAATTAACGGAATACACAATGGATTCGAAACTTCTTTGTTTAGTTTTGAGAGATTT- 
Aerococcus_suis_CCUG_52530_T            ---ATAATTTCGGAATACACAA-----CGGTTTCTTCTTTGTTTAGTTTTGAGAGGTCT- 
Aerococcus_urinaehominis_CCUG_42038B_T  ----ATATTACGGAATGCACAT--------TTGTCTATTTGTTTAGTTTTGAGAGGTCT- 
 
The Aerococcus ITS1-region MSA was used to reveal the phylogenetic relationships of Aerococcus 
strains, Figure 29. Clustering of clinical ITS1-regions was observed with the corresponding type strain ITS1-
region as separate unit. Some ITS1-regions were slightly different from the remaining ITS1-regions from the 
within the same cluster. For example, the ITS1-regions from the A. viridans strain SSI-3270 and A. 
christensenii strain SSI-3184 were positioned on individual branches with slightly more distances to the 
remaining A. viridans and A. christensenii strains within their respective clusters. 
 The statistical bootstrap values were given from 98-100 % for those branches that gave rise to each 
cluster, whereas this was 41-96 % for the external cluster nodes.  
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Pairwise ITS1-region alignments were performed for inter- and intraspecies distances measurements. 
The interspecies distances were based on Aerococcus type strain ITS1-regions, whereas the intraspecies 
distances were based on ITS1-regions of clinical strains and the corresponding type strain ITS1-region. The 
pairwise ITS1-region distances can be found in appendix II, and Table 11 summaries the distance 
measurements.    
 
Genus Species n Intraspecies distances Interspecies distances 
 
Aerococcus 
A. christensenii 3 < 0.014
 
0.121 - 0.266 
1 A. sanguinicola 5 0.0 
A. urinae 27 0.0 
A. viridans 2 < 0.031
 
 
Figure 29. Phylogenetic relationships of genus Aerococcus strains according to the 
ITS1-regions. Clustering of clinical strains was observed with the corresponding type 
strain for all six Aerococcus species.  
 A urinae SSI 940
 Aerococcus urinae CCUG 36881 T
 A urinae SSI 998
 A urinae SSI 1640
 A urinae SSI 2530
 A urinae SSI 3242
 A urinae SSI 3640
 A urinae SSI 4157
 A urinae SSI 4755
 A urinae SSI 4725
 A urinae SSI 3910
 A urinae SSI 3459
 A urinae SSI 3104
 A urinae SSI 2449
 A urinae SSI 1508
 A urinae SSI 980
 A urinae SSI 790
 A urinae SSI 3250
 A urinae SSI 3140
 A urinae SSI 4410
 A urinae SSI 3852
 A urinae SSI 3248
 A urinae SSI 3103
 A urinae SSI 1999
 A urinae SSI 1245
 A urinae SSI 972
 A urinae SSI 131
 A urinae SSI 3571
 A christensenii SSI 3184
 Aerococcus christensenii CCUG 28831 T
 A christensenii SSI 3251
 A christensenii SSI 3252
 A viridans SSI 3363
 A viridans SSI 3270
 Aerococcus viridans CCUG 4311 T
 Aerococcus urinaehominis CCUG 42038B T
 Aerococcus suis CCUG 52530 T
 Aerococcus sanguinicola CCUG 43001 T
 A sanguinicola SSI 1584
 A sanguinicola SSI 4094
 A sanguinicola SSI 4486
 A sanguinicola SSI 4496
 A sanguinicola SSI 4944
Table 11. Inter- and intraspecies ITS1-region distances of Aerococcus clinical and type strains.  
 
1 Calculations based on type strain ITS1-regions from the A. christensenii, A. sanguinicola, A. suis, A. urinae, A. urinaehominis, and A. viridans. 
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Table 13. Data from the intraspecies distances calculations of the type strain ITS1-regions belonging to the A. sanguinicola and 
A. viridans strains. 
The interspecies distances of ITS1-region of A. christensenii, A. sanguinicola, A. suis, A. urinae, A. 
urinaehominis and A. viridans type strains were 0.121-0.266, and Table 12 shows the pairwise interspecies 
ITS1-region distances. The lowest pairwise interspecies distance was observed between the A. urinae and 
A. christensenii type strain ITS1-regions (distance 0.121) and between the A. viridans and A. urinaehominis 
type strain ITS1-regions (distance 0.136). The highest pairwise interspecies distance was observed between 
the A. urinae and A. sanguinicola type strain ITS1-regions (distance 0.266). 
 
 Aerococcus type strains ITS1-regions 1 2 3 4 5 
 
1 Aerococcus_urinaehominis_CCUG_42038B_T      
2 Aerococcus_viridans_CCUG_4311_T 0.136     
3 Aerococcus_sanguinicola_CCUG_43001_T 0.238 0.216    
4 Aerococcus_suis_CCUG_52530_T 0.162 0.149 0.178   
5 Aerococcus_christensenii_CCUG_28831_T 0.163 0.169 0.224 0.162  
6 Aerococcus_urinae_CCUG_36881_T 0.204 0.242 0.266 0.213 0.121 
 
The intraspecies distances of A. sanguinicola ITS1-regions (n = 5) and A. urinae strains (n = 27) were 0.0, 
Table 11. Lower than 0.014 intraspecies ITS1-region distances was observed for A. christensenii ITS1-regions 
(n = 3) and lower than 0.031 for the A. viridans ITS1-regions (n = 2). Table 13 shows the pairwise 
intraspecies ITS1-region distances of the A. sanguinicola and A. viridans strains.  
 
 
A. sanguinicola clinical and type strain 
ITS1-regions 
1 2 3 4 5 
 
 
A. viridans clinical and type strain 
ITS1-regions 
1 2 
1 Aerococcus_sanguinicola_CCUG_43001_T      1 Aerococcus_viridans_CCUG_4311_T   
2 A_sanguinicola_SSI_1584 0.000     2 A_viridans_SSI_3363 0.004  
3 A_sanguinicola_SSI_4094 0.000 0.000    3 A_viridans_SSI_3270 0.031 0.031 
4 A_sanguinicola_SSI_4486 0.000 0.000 0.000   
5 A_sanguinicola_SSI_4944 0.000 0.000 0.000 0.000  
6 A_sanguinicola_SSI_4496 0.000 0.000 0.000 0.000 0.000 
 
 
 
 
 
 
 
 
 
Table 12. Data from the interspecies distances calculations of the type strain ITS1-regions belonging to the genus Aerococcus. 
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4.5.3.2 Genus Abiotrophia 
ITS1-regions from the two Ab. defectiva strains and the Ab. defectiva type strain were used to generate 
a MSA, and only one nucleotide variation was present out of 231 nucleotides. The ITS1-regions from the Ab. 
defectiva strain SSI-3998 and Ab. defectiva type strain contained one additional adenine molecule in 
nucleotide position 195 of the MSA, which was absent in the Ab. defectiva ITS1-region for the SSI-253 
strain.  
The phylogenetic tree positioned the ITS1-region from the Ab. defectiva strain SSI-253 as one branch, 
distinct from the ITS1-region from the Ab. defectiva type strain and Ab. defectiva clinical strain (SSI-3998), 
Figure 30. No statistical bootstrap test was performed for this phylogenetic tree due to the MEGA5 only 
alows this if more strains were included in the examinations. 
The intraspecies distances of ITS1-
regions for Ab. defectiva strains were lower 
than 0.009. Since genus Abiotrophia only is 
consisting of the Ab. defectiva species, none 
interspecies ITS1-region distances were 
calculated. 
Genus Abiotrophia was previously considered as nutritionally variant streptococci together with genus 
Granulicatella strains, but separated as two genera based on sequence analysis for the 16S rRNA gene 
(Christensen & Facklam, 2001; Senn et al., 2006). Though these two genera were separated from each 
other, the phylogenetic relationships of these genera based on ITS1-regions were elucidated. 
A MSA was performed consisting of ITS1-region from clinical and type strains belonging to the Ab. 
defectiva strains and the three Granulicatella strains, Gra. adiacens, Gra. elegans, and Gra. balaenopterae. 
Species-specific ITS1-region 
nucleotide variations were 
observed from the MSA, and 
ITS1-regions from 
Granulicatella species were 
closer related to each other 
than with the ITS1-regions 
from the Ab. defectiva strains. 
The phylogenetic tree 
illustrated also closer 
relationships of the 
 Abiotrophia defectiva CCUG 27639 T
 A defectiva SSI 3998
 A defectiva SSI 253
0,001
Figure 31. Phylogenetic relationships of ITS1-regions derived from Ab. defectiva, Gra. 
adiacens, Gra. elegans, and Gra. balaenopterae strains. According to the ITS1-regions, 
the Granulicatella strains were more closely to each other than with Abiotrophia 
strains.  
Figure 30. Phylogenetic relationship of ITS1-regions belonging to Ab. 
defectiva strains.  
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Granulicatella ITS1-regions than with the ITS1-region derived from Ab. defectiva strains, Figure 31. Distinct 
clustering was also observed, and related ITS1-regions formed clusters with the corresponding type strain 
ITS1-region. The Gra. balaenopterae species was only represented with the type strain. The bootstrap 
values were given from 68-100 %, and mainly 90-100 %, indicating reliable tree topology. 
4.5.3.3 Genus Granulicatella 
A MSA was generated consisting of ITS1-regions derived from clinical and type strains of Gra. adiacens 
(n = 8) and Gra. elegans (n = 1), and from the Gra. balaenopterae type strain. Large conserved regions were 
observed and the ITS1-region from the Gra. balaenopterae type strain was the most divergent when 
comparing with the ITS1-regions from the Gra. adiacens and Gra. elegans strains. The conserved regions 
were interrupted with signature sequences. Figure 32 illustrated the MSA region from nucleotide 1-60. A 21 
nucleotide region from the nucleotide 14-34 was present in the ITS1-regions from the Gra. adiacens and 
Gra. elegans, but absent in the Gra. balaenopterae type strain ITS1-region. This region was present as with 
the following sequence 5’-T--TTCGACGTTAGATG-AAC-3’ within the Gra. elegans ITS1-regions, and as 5’-
CCGWAAGGTATTGAAGGTAAT-3’ within the Gra. adiacens ITS1-regions. Three gaps were introduced in this 
region from the Gra. adiacens strains. 
IUPAC nucleotide codes substituted few nucleotide positions within the ITS1-regions of three Gra. 
adiacens strains due to signals from multiple nucleotides from the DNA sequence analysis, Figure 32.  The 
corresponding nucleotide positions were given with nucleotides that the IUPAC nucleotide codes were 
substituting of. 
 For example, the Gra. adiacens strain SSI-4469 contained a W code (substituted for adenine or thymine) 
in position 17, and the same nucleotide position in the remaining Gra. adiacens ITS-regions was either as a 
thymine or cytosine nucleotide. 
 
 
   1      20           40  60 
Granulicatella_elegans_CCUG_38949_T  ATAACATCTAATGT--TTCGACGTTAGATG-AACACGGAACCCTACAGG-TTGAAA--TC 
G_elegans_SSI_4533              ATAACATCTAATGT--TTCGACGTTAGATG-AATACGGAACCCTACAGG-TTGAAA--TC 
Granulicatella_adiacens_ATCC_49175_T  ATAAACCTCAGTGCCGTAAGGTATTGAAGGTAATACGGAACCCTACAGGGTTTAGACTTC 
G_adiacens_SSI_3282             ATAAACCTCARTGCCGWAAGGTRTTGAAGGTAATACGGAACCCTACAGGGTTTAGACTTC 
G_adiacens_SSI_4469            ATAAACCTCAGTGCCGWAAGGTATTGAAGGTAATACGGAACCCTACAGGGTTTAGACTTC 
G_adiacens_SSI_386         ATAAACCTCAGTGCCGTAAGGTATTGAAGGTAATACGGAACCCTACAGGGTTTAGACTTC 
G_adiacens_SSI_3999         ATAAACCTCAGTGCCGTAAGGTATTGAAGGTAATACGGAACCCTACAGGGTTTAGACTTC 
G_adiacens_SSI_3748         ATAAACCTCAGTGCCGTAAGGTATTGAAGGTAATACGGAACCCTACAGGGTTTAGACTTC 
G_adiacens_SSI_4250         ATAAACCTCAGTGCCGTAAGGTATTGAAGGTAATACGGAACCCTACAGGGTTTAGACTTC 
G_adiacens_SSI_3624         ATAAACCTCAGTGCCGTAAGGTATTGAAGGTCATACGGAACCCTACAGGGTTTAGACTTC 
G_adiacens_SSI_45               ATAAACCTCAGTGCCACAAGGTATTGAAGGTAATACGGAACCCTACAGGGTTTAGACTTC 
Granulicatella_balaenopterae_CCUG_37380_T  --AA----TAATA---------------------ACGGAACC-TACCAAGTTCA--CTTC 
 
 
 
 
 
Figure 32. MSA of ITS1-regions derived from Granulicatella strains. This region is the initial part of the alignment from 
nucleotide 1-60. 
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1 The interspecies ITS1-region distance measurements were based on ITS1-regions derived from the Gra. adiacens, 
Gra. balaenopterae, and Gra. elegans type strains. 
 
A phylogenetic tree was constructed based on the MSA consisting of Granulicatella ITS1-regions.The 
Gra. adiacens ITS1-regions generated one cluster with the Gra. adiacens type strain ITS1-regions, whereas 
this was also the case for the 
single clinical Gra. elegans 
and Gra. elegans type strain 
ITS1-regions, Figure 33. The 
Gra. balaenopterae species 
was only represented with 
the type strain ITS1-region. 
The Gra. balaenopterae ITS1-
region was more distinct 
related to the Gra. 
adiacens and Gra. elegans 
ITS1-regions.  
Two Gra. adiacens strains (SSI-45 and SSI-3624) were positioned on individual branches within the Gra. 
adiacens cluster, indicating some nucleotide variation in the these ITS1-regions compared to the remaining 
Gra. adiacens ITS1-regions. The bootstrap values were predominantly given from 98-100 %. The pairwise 
ITS1-region inter- and intraspecies distances can be found in Table 14 for Granulicatella strains. 
 
 
 
 
The interspecies distances of Gra. adiacens, Gra. elegans, and Gra. balaenopterae type strains ITS1-
regions were in the range of 0.112-0.237. The intraspecies distances of ITS1-regions derived from the Gra. 
adiacens strains were lower than 0.024. Lower than 0.005 intraspecies ITS1-regin distances were observed 
for the Gra. elegans strains compared with Gra. elegans type strain ITS1-region.   
4.5.3.4 Genus Gemella 
ITS1-regions derived from the Gem. bergeri, Gem. cuniculi, Gem. morbillorum, Gem. haemolysans, Gem. 
palaticanis, and Gem. sanguinis clinical and type strains were used to generate MSA. The MSA illustrated 
large blocks of conserved regions interrupted with signature sequences variations. The species of Gem. 
cuniculi and Gem. palaticanis were represented with the type strain ITS1-regions, but even though species 
specific ITS1-regions were present.  
Genus Species n Intraspecies distances Interspecies distances 
 
Granulicatella 
Gra. adiacens 8 < 0.024
 
0.112 - 0.237 
1 
Gra. elegans 1 < 0.005
 
Figure 33. Phylogenetic relationships of ITS1-regions derived from the Gra. adiacens, Gra. 
elegans, and Gra. balaenopterae strains. The Gra. adiacens and Gra. elegans strains were 
more related to each other than with the G. balaenopterae type strain. 
Table 14. The inter- and intraspecies distances of ITS1-regions derived from the Granulicatella strains.  
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Figure 34 shows two regions of the MSA of the Gem. haemolysans and Gem. morbillorum clinical and 
type strains ITS1-regions. Some ITS1-regions belonging to one species shared nucleotides in common with 
other species at specific nucleotides positions. These positions were marked with arrows. 
 
 
At the red arrow (nucleotide 16-18) the ITS1-region from one Gem. morbillorum strain (SSI-4628) and 
the two strains either of Gem. haemolysans or Gem. morbillorum (SSI-264 and SSI-3768) had AT nucleotides 
in common with the Gem. haemolysans ITS1-regions. The same nucleotide position was GC for the Gem. 
morbillorum ITS1-regions. Four out of twelve Gem. morbillorum ITS1-regions had a G in position 18, 
whereas this position was an A for the remaining Gem. morbillorum and Gem. haemolysans ITS1-regions.  
At the green arrow (nucleotide 43-47) three gaps were introduced to the ITS1-regions from two Gem. 
haemolysans strains (SSI-652 and SSI-1237) and the Gem. haemolysans type strain, and C in position 47 of 
this alignment. This gap and the C nucleotide were stated with three different nucleotide combinations and 
a T nucleotide, respectively. All ITS1-regions from the Gem. morbillorum strains had a GGA in this position, 
GTA in two of the Gem. haemolysans strains (SSI-785 and SSI-4248), and AGA in the two strains either of 
Gem. haemolysans or Gem. morbillorum strains (SSI-264 and SSI-3768).  
Another remarkable variation was observed at the yellow arrow (nucleotide 89) in which a single 
nucleotide variation grouped the Gemella strains into two groups. The Gem. morbillorum ITS1-regions 
contained a G molecule, whereas an A molecule in the Gem. haemolysans strains plus the two strains of 
either Gem. haemolysans or Gem. morbillorum. 
Finally, one gap and a G molecule were present in the nucleotide position 104-105 (purple arrow) in the 
ITS1-regions from the Gem. morbillorum clinical strains and type strain. The same nucleotide positions AG 
Figure 34. MSA of ITS1-regions derived from the Gem. haemolysans and Gem. morbillorum clinical and type strains. This figure 
shows two nucleotide region from nucleotide 1-50 and from 80-108 of the ITS1-region MSA with some species specific 
nucleotide sequences. 
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for three clinical Gem. haemolysans strains (SSI-652, SSI-785, and SSI-1237) and the Gem. haemolysans type 
strain ITS1-region. This nucleotide position was AT for the two strains either of Gem. haemolysans or Gem. 
morbillorum (SSI-264 and SSI-3768) and one Gem. haemolysans strain (SSI-4248).  
Figure 35 shows the phylogenetic relationships of the ITS1-regions derived from strains belonging to 
genus Gemella, and two 
main clades were present. 
One of the clade was 
consisting of Gem. bergeri 
and Gem. cuniculi ITS1-
regions and the other clade 
of Gem. haemolysans, 
Gem. morbillorum, Gem. 
sanguinis, and Gem. 
palaticanis ITS1-regions. 
Clustering of related 
ITS1-regions with the 
corresponding type strain 
ITS1-region were present. 
Gem. cuniculi and Gem. 
palaticanis ITS1-regions 
were only represented 
with the type strain.  
 The SSI-4984 Gem. 
bergeri ITS1-region was 
positioned on a branch alone with distance to the remaining Gem. bergeri ITS1-regions. From the MSA, 14 
nucleotide variations were observed in the SSI-4984 ITS1-regions when comparing to the remaining Gem. 
bergeri ITS1-regions.  
The Gem. morbillorum ITS1-regions were separated on two branches, but still within the same cluster 
with different branch length. The Gem. haemolysans ITS1-regions were also divided into two clusters. The 
two strains either of Gem. haemolysans or Gem. morbillorum (SSI-264 and SSI-3768) formed a cluster with 
two Gem. haemolysans ITS1-regions (SSI-785 and SSI-4248). Additional, the SSI-652 Gem. haemolysans 
ITS1-regions was positioned on a branch alone with more distance to the Gem. haemolysans type strain 
ITS1-region and the SSI-137 ITS1-region.  
Figure 35. Phylogenetic relationships of ITS1-regions derived from the Gemella strains. 
Overall, clustering of strains with the corresponding type strain was observed, except for 
Gem. haemolysans strains.  
The Gem. haemolysans strains were split into two clusters. 
 G morbillorum SSI 1477
 G morbillorum SSI 4607
 G morbillorum SSI 1118
 G morbillorum SSI 4025
 Gemella morbillorum CCUG 18164 T
 G morbillorum SSI 3185
 G morbillorum SSI 3190
 G morbillorum SSI 1102
 G morbillorum SSI 1103
 G morbillorum SSI 203
 G morbillorum SSI 2996
 G morbillorum SSI 4628
 Gemella sanguinis CCUG 37820 T
 G sanguinis SSI 317
 Gemella palaticanis CCUG 39489 T
 Gemella haemolysans CCUG 37985 T
 G haemolysans SSI 652
 G haemolysans SSI 1237
 G haemolysans SSI 785
 G haemolysans/morbillorum SSI 264
 G haemolysans/morbillorum SSI 3768
 G haemolysans SSI 4248
 Gemella cuniculi CCUG 42726 T
 G bergeri SSI 4984
 Gemella bergeri CCUG 37817 T
 G bergeri SSI 3639
 G bergeri SSI 3810
 G bergeri SSI 4700
91
56
22
43
66
52
41
98
15
20
14
16
64
0.005
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Table 16. Interspecies ITS1-region distance measurements of Gemella type strains. 
 
1 The interspecies ITS1-region distance measurements were based on ITS1-regions derived from the Gem. bergeri, 
Gem. cuniculi, Gem. haemolysans, Gem. morbillorum, Gem. palaticanis, and Gem. sanguinis type strains. 
Table 15. Inter- and intraspecies distances measurements of ITS1-regions derived from Gemella strains. 
 
The bootstrap values of the phylogenetic tree were given from 14-98 %, and this wide range can 
probably be explained with ITS1-region variations within genus Gemella.  
The inter- and intraspecies ITS1-region distances can be found in Table 15 for Gemella strains. Gem. 
bergeri ITS1-region (n = 4) intraspecies distances were lower than 0.056, and 0.0 for the single Gem. 
sanguinis ITS1-region compared with the Gem. sanguinis ITS1-region. Lower than 0.016 intraspecies ITS1-
region distances were calculated for the Gem. haemolysans (n = 6) ITS1-regions, whereas this was lower 
than 0.036 for Gem. morbillorum (n = 13) intraspecies ITS1-region distances.  
 
 
 
 
 
The interspecies ITS1-region distances of Gem. bergeri, Gem. cuniculi, Gem. haemolysans, Gem. 
morbillorum, Gem. palaticanis, and Gem. sanguinis type strains were in the range of 0.025-0.113, and Table 
16 shows the pairwise interspecies distances. The lowest pairwise interspecies ITS1-region distances were 
observed between the Gem. haemolysans and Gem. morbillorum type strain ITS1-region (distance 0.025), 
and between the Gem. haemolysans and Gem. palaticanis type strain ITS1-region (distance 0.031). The 
highest pairwise interspecies ITS1-region distance was observed between Gem. cuniculi and Gem. 
palaticanis type strain ITS1-regions. 
 
 Gemella type strains ITS1-regions 1 2 3 4 5 
 
1 Gemella_haemolysans_CCUG_37985_T      
2 Gemella_morbillorum_CCUG_18164_T 0.025     
3 Gemella_sanguinis_CCUG_37820_T 0.044 0.038    
4 Gemella_palaticanis_CCUG_39489_T 0.031 0.044 0.038   
5 Gemella_bergeri_CCUG_37817_T 0.078 0.078 0.099 0.106  
6 Gemella_cuniculi_CCUG_42726_T 0.084 0.098 0.105 0.113 0.064 
 
Genus Species n Intraspecies distances Interspecies distances 
 
Gemella 
Gem. bergeri 4 < 0.056
 
0.025 - 0.113 
4 Gem. haemolysans 6 < 0.016
 
Gem. morbillorum 13 < 0.036
 
Gem. sanguinis 1 0.0 
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Table 17. Inter- and intraspecies ITS1-region distances derived from Leuconostoc strains. 
 
1 
The interspecies ITS1-region distance measurements were based on ITS1-regions derived from the Leu. citreum, Leu. lactis, Leu. 
mesenteroides ssp. mesenteroides, and Leu. pseudomesenteroides type strains. 
4.5.3.5 Genus Leuconostoc 
Leuconostoc ITS1-regions were used to generate MSAs, and few nucleotide variations were observed 
within the ITS1-region. The few nucleotide differences were species specific ad could be used as signature 
sequences. The phylogenetic relationships of ITS1-regions can be found in Figure 36 with bootstrap values 
of 95-100 %. Clustering of related ITS1-regions with the corresponding type strain ITS1-region were 
detected for all Leu. lactis, 
Leu. citreum, Leu. 
mesenteroides ssp. 
mesenteroides, and Leu. 
pseudomesenteroides.  
Leu. lactis and Leu. 
citreum ITS1-regions were 
closer related to each other than with the remaining Leuconostoc ITS1-regions. The ITS1-regions from the 
Leu. mesenteroides ssp. mesenteroides and Leu. pseudomesenteroides strains were also closer related to 
each other.  
The inter- and intraspecies distances of ITS1-regions belonging to genus Leuconostoc strains can be 
found in Table 17. The pairwise interspecies ITS1-region distance measurements of Leu. citreum, Leu. lactis, 
Leu. mesenteroides ssp. mesenteroides, and Leu. pseudomesenteroides type strains were between 0.067-
0.133.  
The intraspecies ITS1-region distance of the Leu. citreum strain (n = 1) and the Leu. citreum type strain 
was 0.0, whereas lower than 0.016 and 0.014 intraspecies ITS1-region distances were observed for Leu. 
lactis (n = 2) and Leu. pseudomesenteroides strains (n = 2), respectively.  
 
 
 
 
The shortest pairwise ITS1-region distance was observed between the Leu. lactis and Leu. citreum 
strains (distance 0.076) and between  the ITS1-regions derived from the Leu. mesenteroides ssp. 
mesenteroides and Leu. pseudomesenteroides strains (distance 0.067).  
Genus Species n Intraspecies distances Interspecies distance 
 
Leuconostoc 
Leu. citreum 1 0.0 
0.067-0.133 
1 
Leu. lactis 2 < 0.016 
Leu. pseudomesenteroides 2 < 0.014 
 Leuconostoc lactis NRIC 1540 T
 L lactis SSI 4937
 L lactis SSI 1050
 Leuconostoc citreum NRIC 1776 T
 L citreum SSI 3245
 Leuconostoc mesent ssp mesenteroides CCUG 30066 T
 Leuconostoc pseudomesenteroides NRIC 1777 T
 L pseudomesenteroides SSI 1571
 L pseudomesenteroides SSI 4100
100
99
100
100
100
95
0.01
Figure 36. Phylogenetic relationships of ITS1-region derived from Leuconostoc strains. 
Distinct clustering of related strains was observed. 
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4.5.3.6 Discussion of the MSAs, phylogenetic relationships, and ITS1-region distance 
measurements and summary of the results 
 
Selection of the MSA method of choice and testing phylogenetic relationships of type strain ITS1-regions 
Four different MSA methods tested to select the most optimum method for alignment of ITS1-regions. 
Based on the quality of the MSAs (the degree of conservation and introduction of gaps for optimizing the 
alignment), the phylogenetic analysis (clustering of related ITS1-regions and bootstrap values), and the 
inter-and intraspecies ITS1-region distances, the ClustalW method was selected as the method of choice. 
The genera Aerococcus, Abiotrophia, Gemella, Granulicatella, and Leuconostoc 
The MSAs of the ITS1-region from strains belonging to the genera of Aerococcus, Abiotrophia, Gemella, 
Granulicatella, and Leuconostoc showed both conserved and non-conserved ITS1-regions, and the ITS1-
regions were species-specific. For closely related ITS1-regions, some “signature sequences” were observed 
probably allowing differentiation of Gem. haemolysans and Gem. morbillorum strains. These nucleotide 
variations were probably results of genetic changes, such as insertion and deletion mutations. More strains 
need to be investigated to be certain that these observations are stable in all G. morbillorum and G. 
haemolysans strains.   
The phylogenetic relationships of ITS1-region revealed clustering of clinical strains with the 
corresponding type strain ITS1-region for Aerococcus, Abiotrophia, Granulicatella, and Leuconostoc strains. 
Clustering of related ITS1-regions were also observed for Gemella strains, but Gem. haemolysans ITS1-
regions were split into two cluster. In general, high bootstrap values were observed for the phylogenetic 
trees consisting of ITS1-regions indicating reliable phylogenetic tree topology. 
High inter- (distance ≤ 0.031) and low intraspecies (distance 0.067-0.266) ITS1-region distances were 
observed for Aerococcus, Abiotrophia, Granulicatella, and Leuconostoc strains. None interspecies ITS1-
region distance measurements could be made for Ab. defectiva, since genus Abiotrophia is only 
represented with the Ab. defectiva species. This phenomenon was also observed in other species. For 
example, high inter- and low intraspecies variations were also observed for avian Mycoplasma species (n = 
23) with sequence analysis of the ITS1-region (Ramirez, Naylor, Pitcher, & Bradbury, 2008). 
Low intra- (distance ≤ 0.056) and low interspecies (distance 0.025-0.133) ITS1-region distances were 
observed for Gemella ITS1-regions. The interspecies ITS1-region distance between Gem. haemolysans and 
Gem. morbillorum strains was as small as distance = 0.025, and the distance = 0.031 for the ITS1-region 
derived from the Gem. haemolysans and Gem. palaticanis type strain ITS1-region. This indicates that 
current Gemella species are a heterogenous group of bacteria and some strains might need to be re-
classified. These explained why it for instance is difficult to differentiate strains of Gem. morbillorum and 
Gem. haemolysans. 
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Based on these results, the ITS1-region may act as a good target for first-line identification of 
Aerococcus, Abiotrophia, Granulicatella, Gemella and Leuconostoc.  
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5 Discussion 
The following section includes a general discussion with important aspects of using sequence analysis of 
the ITS1-region for species identification. The section will focus on the importance of correct species 
identification of microorganisms, the usability of the ITS1-region for identification to the species level, and 
guidelines for stating species level identifications. The usability of housekeeping genes for identifications 
will also be discussed together with other types of molecular methods used for identification. 
5.1 The importance of correct species identification of (IE associated) microorganisms  
Non-hemolytic Streptococcus-like Gram-positive cocci have frequently been misidentified with 
conventional phenotypic methods and sometimes identification is only made to the group or genus level. 
Accurate identification of pathogens to the species level may contribute to higher survival rates and 
better diagnosis due to better treatment. Accurate species identification can guide the clinicians for 
localization of the primary foci. Some species is associated with certain infectious disease such as IE, urinary 
tract infections, or even malignancy. For example, when having identified A. urinae strains from blood 
cultures the clinicians may suspect whether or not the patient are suffering from IE or urinary tract 
infections  (Christensen, Vibits, Ursing, & Korner, 1991; Colman, 1967). Another example is given with the 
Streptococcus gallolyticus strains, which is associated with IE and colon cancer. Thus, in the case of 
Streptococus gallolyticus bacteremia, the patient may undergo an examination of the heart for vegetation 
and the intestines for malignancies (Christensen1 et al., 1991; Christensen2 et al., 1991; Colman, 1967). 
 Species identification can also contribute information of antibiotic resistance epidemiology (Teng, 
Hsueh, Chen, Ho, & Luh, 1998). Correct species identification can be used to reduce the use of empiric 
broad-range antibiotic agent to narrow-range antibiotic agents. It can also provide information on the 
pathogenesis of a disease. Even though the patient is treated with the most appropriate antibiotic agent 
this may not be sufficient due to the presence of a persistent primary focus. Persistent focus may be due to 
the presence of abscesses  and due to poor antibiotic penetration (Mate et al., 1998).  
 
5.2 Sequence analysis of the 16S rRNA gene and 16S-23S ITS1-region for identification 
Bosshard et al., have used sequence analysis of the 16S rRNA gene as an effective tool for identification 
of collection Gram-positive, catalase-negative cocci, but the study was only based on limited number of 
Aerococcus, Gemella, Enterococcus and Streptococcus strains (Bosshard et al., 2004). 
Sequence analysis of the partial 16S rRNA gene has also been used by Abdul-Redha et al., for 
identification of IE associated Gram-positive, catalase-negative cocci. Fifteen miscellaneous clinical strains 
were included and agreeing genus identifications were confirmed for nine strains; Globicatella (n=3), 
Granulicatella (n=4), and Gemella (n=2). Five strains were species identified with this method, Globicatella 
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sanguinis (n = 2), Gra. adiacens (n = 1), Gem. morbillorum (n = 1), and Gem. haemolysans (n = 1) (Abdul-
Redha, Kemp, Bangsborg, Arpi, & Christensen, 2010).  
In contrast to the 16S rRNA gene, the ITS1-region has been shown to be more variable in distinguishing 
closely related microorganisms as a fact of this region might be under less selective pressure (Garcia-
Martinez, Martinez-Murcia, Anton, & Rodriguez-Valera, 1996). Numerous papers have described PCR 
amplification of the ITS1-region and how this region can be used for identification of microorganisms when 
comparing sequences with reference ITS1-regions sequences. Examples have been given for the genera 
Streptococcus (Berridge et al., 1998; Berridge, Bercovier, & Frelier, 2001; Forsman et al., 1997), 
Staphylococcus (Mendoza et al., 1998), Enterococcus (Tyrrell et al., 1997), Legionella (Riffard et al., 1998), 
and Lactobacillus (Song et al., 2000; Tannock et al., 1999). 
Sequence analysis of the ITS1-region has been used for clinical strains of Abiotrophia, Granulicatella, 
Enterococcus, and Streptococcus by Tung et al. In total 217 clinical strains were included including five Ab. 
defectiva and seven Gra. adiacens strains. Correct identification was obtained for 213 strains (98.2 %) 
(Tung, Teng, Vaneechoutte, Chen, & Chang, 2007). In this master study, sequence analysis of the ITS1-
region of non-hemolytic Streptococcus-like genera of Abiotrophia, Aerococcus, Gemella (Gem. bergeri and 
Gem. sanguinis), Granulicatella, and Leuconostoc were suggested to be useful for species identification with 
the Strep16S_1471F and 6R-IGS primers as described in this master thesis. These primers were also used 
for species identification of non-hemolytic streptococci (Nielsen et al., 2009). The ITS1-region posed low 
discriminative power for identification of Gem. haemolysans and Gem. morbillorum in this master study, 
and this was also the case for S. mitis, S. oralis, and S. pneumonia strains (Nielsen et al., 2009). 
One issue related with the usability of the 16S rRNA gene and ITS1-region is the presence of multiple 
copy numbers of the rrn operons within one strain, which may be identical or not (Tambong, Xu, & 
Bromfield, 2009). Multiple operon copy number is linked with the need for increased bacterial growth and 
for adaptation to certain nutritionally and temperature related changes (Condon1, Liveris, Squires, 
Schwartz, & Squires, 1995). During sequence analysis with PCR primers, multiple ITS1-regions could be 
amplified from different rrn operons due to primer complementarity to conserved regions of the highly 
conserved rRNA genes.  
Staphylococcus aureus contains nine operons (Gurtler & Barrie, 1995), Escherichia coli and Salmonella 
ssp. seven rrn operons (Asai, Zaporojets, Squires, & Squires, 1999). Slow-growing Mycoplasma ssp. have 
only one rrn operon (Stadthagen-Gomez et al., 2008), 10 rrn operons in Bacillus subtilis (Boyer, Flechtner, & 
Johansen, 2001), and 11 rrn operons in Clostridium difficile strains (Sebaihia et al., 2006).  
Multiple rrn copy numbers contains multiple 16S, 23S, and 5S rRNA genes, and thus multiple ITS1- and 
ITS2-regions plus tRNA sequences. Different study groups have demonstrated major rrn operons 
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heterogeneity among various strains regarding ITS-region sizes and nucleotide compositions. Gürtler & 
Stanisich reported two tRNAisoleucine and tRNAalanine sequences within the ITS1-region of the Gram-negative 
Escherichia coli and Salmonella typhimurium bacteria. No tRNA sequences were present in the ITS1-region 
of the Gram-positive bacteria (Gurtler & Stanisich, 1996). Moreover, intercistronic heterogeneity has been 
described for the Escherichia coli and Salmonella typhimurium strains; in three operons out of the seven 
the tRNAalanine and tRNAisoleucine sequences were present in the ITS1-regions, whereas only one tRNAglutamate 
sequence in the ITS1-region of the remaining four operons (Anton et al., 1998; Condon2, Squires, & Squires, 
1995; Lehner, Harvey, & Hill, 1984). Garcia-Martinez and colleagues have noted the following that “there is 
almost as much variation among different operons of the same strain as among different strains” (Garcia-
Martinez et al., 1996). Increased heterogeneity of the ITS1-regions from Escherichia coli rrn operons have 
been proposed as being results of recombination events (Harvey, Hill, Squires, & Squires, 1988). The 
Bacillus subtilis 168 strain contained the tRNAisoleucine and tRNAalanine sequences in some of the ITS1-regions 
and only one tRNA in other operons (Loughney, Lund, & Dahlberg, 1982). 
Gram-positive bacteria with high G-C content are lacking tRNA sequence within the ITS-regions (Boyer et 
al., 2001). In contrast, most strains with low G-C content lacks tRNA sequences. Low G-C content strains 
contain tRNA sequences in three ways, either (i) two tRNA sequences, (ii) tRNAalanine, or (iii) tRNAisoleucine 
(Boyer et al., 2001). 
Streptococcal ssp. contains tRNAalanine sequences in the ITS1-region (Lu, Yang, & Yang, 2003). These 
findings exhibit ITS1-region variations, not only between strains, but also at the intercistronic level. 
Variation in ITS1-region sizes has been proposed as results of insertion and deletions mutations (Condon2 
et al., 1995; Iteman, Rippka, Tandeau de, & Herdman, 2000; Naimi, Beck, & Branlant, 1997; Spell, Szurgot, 
Greer, & Grown, 2000). Gürtler & Stanisich have demonstrated ITS1-regions in various bacteria with 
considerable length and sequence variations. For example, the ITS1-region from Bartonella ssp. is between 
1.2-1.5 kb (Roux & Raoult, 1995), and ITS1-regions from Bacillus subtilis strains were 164 bp to 344 bp 
(Green, Stewart, Hollis, Vold, & Bott, 1985; Loughney et al., 1982). 
 Often variation in ITS1-region sizes is related to the presence or absence of tRNA sequences within this 
region and serves as phylogenetic markers for characterization of strains (Condon2 et al., 1995; Garcia-
Martinez, Acinas, Anton, & Rodriguez-Valera, 1999; Lowe & Eddy, 1997). Non-identical rrn operons with 
intercistronic variation in the ITS1-regions may pose challenges for identification of microorganisms, 
especially when using regions under minimal selective pressure as with the ITS1-region (Barry et al., 1991; 
Nagpal, Fox, & Fox, 1998; Tambong et al., 2009). Multiple ITS1-regions may be present in one sample as a 
result of preferentially amplifications of certain target genes or sequences (Boyer et al., 2001). The 
intercistronic heterogeneity of multiple ITS1-regions from one sample can be revealed by isolating these 
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regions and separating then according to the size in an agarose gel electrophoresis. Then, each fragment 
can be cloned into vectors or plasmids and sequences in this way (Tambong et al., 2009; Tung et al., 2007).  
The rrnDB database [W9] can be used to determine the number of rrn operons in prokaryotic organisms 
and the number of 16S, 23S, 5S rRNA genes and whether or not tRNA sequences are present in the rrn 
operons (Lee, Bussema, III, & Schmidt, 2009). In this master study, the presence of tRNA sequence in the 
ITS1-region was examined with the tRNAscan-SE Search Server [W10]. The Leuconostoc type strains ITS1-
regions were the only sequences consisting of a tRNAalanine, given rise to ITS1-region heterogeneity.  
No papers have reported the number of rrn operons in the Aerococcus, Abiotrophia, Gemella, 
Granulicatella, and Leuconostoc strains and whether or not tRNA sequences were present within the ITS1-
region. In this master study, predominantly one major PCR product was obtained for the included non-
hemolytic Streptococcus-like genera. Few Gem. haemolysans (n = 3) and A. urinae (n = 2) strains consisted 
of two to three PCR products and this may indicate the presence of multiple rrn operons. 
 
5.3 Existence of various databases for sequence analysis of microorganisms  
The Ribosomal Intergenic Spacer Sequence Collection (RISSC) database has been the only database 
consisting of only ITS1-regions and would serve as a great tool for identification of bacteria, however, this 
database is no longer available (Garcia-Martinez, Bescos, Rodriguez-Sala, & Rodriguez-Valera, 2001) [W11].  
Today, different databases exist with deposited rRNA genes. Some of these are Genbank (Benson et al., 
2012) [W12], EzTaxon  (Chun1 et al., 2007) [W13], BIBI (Devulder, Perriere, Baty, & Flandrois, 2003) [W14], 
Ribosomal Database Project (Cole et al., 2009) [W15], the European Ribosomal RNA Database (Van De Peer, 
De, Wuyts, Winkelmans, & De, 2000) [W16], MicroSEQ (Applied Biosystems, 2012) and the RIDOM-
Ribosomal Differentiation of Medical Microorganisms (Anguita-Alonso & Patel, 2004) [W17]. 
According to some research groups, the choice of the database has great importance for a correct 
identification. One paper has compared the Genbank, EzTaxon, and BIBI databases with the use of 16S 
rRNA genes for identification, and revealed GenBank combined with EzTaxon to be more discriminative 
than using one of the databases alone (Park et al., 2012). 
Some databases may even contain low quality gene sequences due to technical limitations the time 
these sequences were published and this may be associated with poor quality identifications. According to 
Clarridge et al., the GenBank database contains a higher rate of sequences with incorrect or undetermined 
nucleotides (Clarridge, III, 2004). 
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5.4 Guidelines for identification of microorganisms to the genus and species level 
No guidelines have been defined for genus and species identification with sequence analysis of the ITS1-
regions. Tung et al., has used ≥ 98 % sequence identity of ITS1-regions for species identification when 
performing BLAST analysis (Tung et al., 2007). Higher than 97 % cut-off similarity rate was used for 
identification of Pseudomonas strains with the use of ITS1-region (Tambong et al., 2009). 
Yet, none definitions have neither been stated for sequence analysis of the 16S rRNA gene for 
identification of microorganisms, but different research groups have used different thresholds, Table 18. 
According to Drancourt et al. appropriate identifications could not be stated if the identity values were 
lower than 97 % (Drancourt et al., 2000), and potentially a novel species could be defined (Drancourt, 
Berger, & Raoult, 2004).  
 
Study group Species identification Genus identification 
 
(Bosshard1, Abels, Zbinden, Bottger, & Altwegg, 2003) ≥ 99 % ≥ 95 % to 99 % 
(Drancourt et al., 2000) ≥ 99 % ≥ 97 % 
(Fournier et al., 2003) ≥ 99.8 % ≥ 98.1 % 
(Fox, Wisotzkey, & Jurtshuk, Jr., 1992) 
5-15 bp differences in the 
entire 16S rRNA gene 
≥ 98.5 % 
(Hall, Doerr, Wohlfiel, & Roberts, 2003) ≥ 99 % ---- 
 
It would be more challenging to define thresholds for genus and species identifications for the ITS1-
region because this region is under minimal selective pressure than the highly conserved rRNA genes and 
due to reports of intercistronic ITS1-region heterogeneity in some strains.  
 
5.5 Housekeeping genes used for identification of microorganisms  
Housekeeping genes are needed for basic cellular function (Willey4, Sherwood, & Woolverton, 2008) 
and are used for differentiation and identification of microorganisms when sequence analysis of the 16S 
rRNA gene fails for instance when closely related 16S rRNA genes occurs. These housekeeping genes 
evolves slowly and serves as good targets for identifications (Vandamme, 2011). The manganese-
dependent superoxide dismutase encoding sodA gene has been used to discriminate between closely 
related enterococcal type strains with highly similar 16S rRNA genes (Poyart, Quesnes, & Trieu-Cuot, 2000). 
A wide range of housekeeping genes have also been used for identification of streptococcal ssp. Examples 
were given with D-alanine:D-alanine ligases encoding ddl gene (processing of prokaryotic peptidoglycan) 
(Garnier, Gerbaud, Courvalin, & Galimand, 1997) and the RNA polymerase β subunit encoding rpoB gene 
(Drancourt, Roux, Fournier, & Raoult, 2004). The sodA gene (Poyart, Quesne, Coulon, Berche, & Trieu-Cuot, 
1998), heat shock protein encoding genes of groEL and groES (Teng et al., 2002), and Tu elongation factor 
Table 18. Requirements for species and genus level identifications with sequence analysis of the 16S rRNA gene. 
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encoding tuf gene (Picard et al., 2004) has also been used for differentiation and identification of 
streptococcal ssp. 
 Partial glutamate dehydrogenase encoding gdh gene and partial glucose kinase encoding gki gene has 
been used for differentiating of non-hemolytic Mitis and Sanguinis group streptococcal ssp. due to highly 
similar 16S rRNA genes (Kiratisin, Li, Murray, & Fischer, 2005). The research group of Nielsen et al., has also 
used the partial gdh gene for identification of clinically relevant non-hemolytic S. mitis, S. oralis, and S. 
pneumoniae strains when sequence analysis of the ITS1-region was insufficient due to high similarity 
(Nielsen et al., 2009). Hoshino et al., has used the ddl, gdh, ropB, and sodA genes for identification of non-
hemolytic streptococci and obtained correct identification (Hoshino et al., 2005). 
Housekeeping genes have also been used for identification of Streptococcus-like bacteria. Sequence 
analysis of the rpoB gene has been used for identification of Abiotrophia, Gemella, Granulicatella, and 
Enterococcus strains. However, the identifications of Abiotrophia, Gemella, and Granulicatella strains were 
only based on limited number of strains and the rpoB gene from the Gem. haemolysans and Gem. 
morbillorum strains shared 99.4 % similarity scores (Drancourt & Raoult, 2002). The research group of Hung 
has used the sequence analysis of the groEL and rpoB genes for Gem. haemolysans strains and proposed 
the possibility of subspecies division of the Gem. haemolysans species (Hung et al., 2010). In this master 
study, some clinical strains of Gem. haemolysans and Gem. morbillorum were only identified to the genus 
level with ITS1-region sequence analysis due to only 94-96 % maximum identity with the Gem. haemolysans 
and Gem. morbillorum type strain ITS1-regions. Only genus level identification indicate reclassification 
might be necessary for these Gemella strains.  
 
5.6 Other molecular methods used for identification of microorganisms  
5.6.1 MALDI-TOF MS analysis 
The MALDI-TOF MS analysis is one of the newest techniques for microorganism identification and has 
provided major contributions (Christensen et al., 2012; Seng et al., 2009). The technique is based on protein 
profiling of predominantly ribosomal proteins. A laser beam targets bacterial biomasses covered by a 
matrix solution (crystallizes the biomass) and ionized ions migrates through an electric field in a vacuum 
tube. Ions are then separated according to their molecular mass and charge, and the migration time of 
flight is measured. Each microorganisms has its own protein spectrum and for identifications, protein 
spectra are compared (Bizzini et al., 2011; Alatoom, Cunningham, Ihde, Mandrekar, & Patel, 2011; Wieser, 
Schneider, Jung, & Schubert, 2012; Carbonnelle et al., 2011). 
The research group of Eigner et al., has obtained 93.5 % species identifications of 1,116 clinical strains 
with the use of MALDI-TOF MS, and 84.1 % correct species identification of 1,660 bacterial isolates from the 
research group of Seng et al., (Eigner et al., 2009; Seng et al., 2009). The MALDI-TOF MS analysis has also 
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been useful for diagnosis of cancer and Alzheimers by detecting and identifying biochemical markers 
(Marvin, Roberts, & Fay, 2003). Van Veen et al., has evaluated MALDI-TOF MS on 327 clinical strains and 
has obtained 94.3 % (staphylococci) and 84.8 % (streptococci) correct species identifications (van Veen, 
Claas, & Kuijper, 2010). 
Christensen et al., have recently published a paper with results from identification of strains used in this 
master thesis study with the MALDI-TOF MS analysis. This paper includes 51 collection strains 
(predominantly type strain from 16 genera) and 90 clinical strains (12 genera) of non-hemolytic Gram-
positive, and catalase-negative cocci not belonging to the streptococci and enterococci strains and most 
strains were identified as the expected taxon (Christensen et al., 2012). Genus Gemella strains were once 
more difficult to differentiate as with sequence analysis of the ITS1-region due to closely related species. 
Once more the need for reclassification of genus Gemella (Christensen et al., 2012).  
One limitation with MALDI-TOF MS is that the method is dependent on bacterial colony growth and in 
the case of culture-negative samples the MALDI-TOF MS can’t be used. However, some research groups 
have applied MALDI-TOF MS identification with fast and reliable identifications on direct clinical samples 
from blood cultures (Maier et al., 2008) and urine samples (Schwartz, Maier, Kostrzewa, Boogen, & Weller, 
2008), and a cerebrospinal fluid (Hartmeyer et al., 2010).  
5.6.2 DNA-DNA hybridization 
Whole-genomic DNA-DNA hybridization comparison is also used for relatedness of microorganisms and 
relies on whether or not genomic DNA from two samples are similar. DNA-DNA hybridization had been 
applied for 22 A. urinae strains and two DNA-hybridization subgroups were observed (Christensen et al., 
1997). One challenge with DNA-DNA hybridization is the need for large amount of purified DNA. This 
method requires labor intensive work and is often expensive and time-consuming (Vandamme et al., 1996). 
Therefore, today this method is only used in few laboratories. 
5.6.3 Microorganism identification from direct clinical samples  
Identification of microorganism with broad-range PCR targeting direct from clinical samples is another 
way of reducing the identification time (Kommedal, Karlsen, & Saebo, 2008; Rantakokko-Jalava et al., 
2000). Direct sample identification may be useful for slow-growing, fastidious bacteria or culture-negative 
samples due to empiric antibiotic therapy (Kommedal et al., 2008; Rampini et al., 2011). Group-specific 
broad-range primers targeting the 16S rRNA gene of bacteria has been designed and used directly on 
sample material. Significantly higher number of identifications were obtained (Kommedal, Lekang, 
Langeland, & Wiker, 2011). Broad-range PCR analysis of the 16S rRNA gene has also been used for diagnosis 
of IE of resected endocardial specimens such as heart valves (Bosshard2 et al., 2003; Koch et al., 2010; 
Slany et al., 2007), and this method has also been used by the research group of Wilck et al. (Wilck, Wu, 
Howe, Crouch, & Edberg, 2001).  
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One limitation with direct sample identification is primer cross-reactivity with non-target host DNA 
which may affect identifications (Huys et al., 2008; Handschur, Karlic, Hertel, Pfeilstocker, & Haslberger, 
2009; Rantakokko-Jalava et al., 2000). In the case of polymicrobial infections, direct sequencing may give 
mixed chromatograms that need further interpretation, or otherwise misidentifications may be obtained. 
Kommedal et al., have designed an algorithm for interpretation of mixed DNA chromatograms with 
ambiguous signals. Species identifications were achieved in 23 out of 23 samples containing two different 
bacteria. In cases of three different bacteria, species identification was obtained in three out of five sample, 
and genus identification in five out of five samples. The identifications were performed with sequence 
analysis of the 16S rRNA gene. It remains to be established whether or not this method are useful for 
identification of bacteria from clinical samples (Kommedal et al., 2008). 
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6 Conclusions 
Sequence analysis of the ITS1-region seems promising for first-line identification of the strains belonging 
to the genera Aerococcus, Abiotrophia, Gemella (Gem. bergeri and Gem. sanguinis), Granulicatella, and 
Leuconostoc. The Gem. haemolysans and Gem. morbillorum strains were also identified to the species level, 
but for two strains it was unclear whether or not these belonged to Gem. haemolysans and Gem. 
morbillorum. The phenotypic examinations, 16S rRNA gene sequence-, and MALDI-TOF MS analysis had 
also challenges in identifying these two strains. 
Low level intraspecies distances and high level interspecies distances of ITS1-regions were obtained for 
Aerococcus, Abiotrophia, Granulicatella, and Leuconostoc strains. But both low level intraspecies and low 
level interspecies distances were observed for Gemella strains.  
Even though optimization of the PCR reactions were performed, the Strep16S_1471F and 6R-IGS 
primers were unable to amplify the ITS1-region of the following genera; Globicatella, Helcococcus, 
Lactococcus, and Rothia. 
Sequence analysis of the ITS1-region with the Strep16S_1471F and 6R-IGS primers were also applied for 
genus Streptococcus strains (Nielsen et al., 2009). Except for Streptococcus mitis, Streptococcus oralis and 
Streptococcus pneumoniae, species identification was also obtained for most of the streptococcal species. 
Supplementary gdh housekeeping gene examinations were needed for strains of S. mitis, S. oralis and S. 
pneumoniae, and probably also for Gem. haemolysans and Gem. morbillorum strains. 
In conclusion, sequence analysis of the ITS1-region with the Strep16S_1471F and 6R-IGS primers has 
proven beneficial for identification of Gram-positive, catalase-negative, coccal shaped non-hemolytic 
streptococci and non-hemolytic Streptococcus-like genera. Thus, ITS1-region sequence analysis may act as a 
universal first-line identification step.  
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7 Perspectives 
7.1 Future perspectives concerning microorganism identification with whole-genome 
sequence analysis  
Whole-genome sequence analysis is a promising technology within microbiology. The first bacterial 
genome sequence was published in 1995 and since then 3144 complete bacterial genome sequences have 
been published (Genbank april 2012) (Torok & Peacock, 2012). Whole-genome sequencing will not only be 
useful in identification of microorganisms, this technique will contribute information regarding 
pathogenesis of pathogens. Known and unknown virulence genes, antimicrobial genes, potential targets for 
antimicrobial agents, and potential targets for vaccines will be easier to examine (Wizemann et al., 2001). 
Today and in the future whole genome sequencing is and will be more useful for identification due to 
faster speed, higher nucleotide sequence accuracy, and the cost are rapidly dropping (Almasy, 2012; Quail 
et al., 2012) . Different next generation sequence technologies are under development, increasing the 
rapidity and sequence quality reads. However, each sequence platform has limitations, such as some 
methods have shorter process time, but then increased sequence error rate (Quail et al., 2012).  
 
7.2 Dual priming oligonucleotides  
Kommedal et al., has worked with designing primers only specific for bacterial DNA to avoid cross-
reactivity with host DNA in the case of direct sample identifications (Kommedal, Simmon, Karaca, 
Langeland, & Wiker, 2012). This new principle is called dual priming oligonucleotide (DPO) and has been 
developed by Seegene (Seegene, 2012).  
A DPO primer is composed of two 
separate priming regions; Stabilizer (5’-
segment, 18-25 bp) and Determiner (3’-
segment, 6-12 bp) separated by a 
polydeoxyinosine linker region, Figure 
37. The Stabilizer region binds to the 
target DNA and initiates stable 
annealing, followed by binding of the 
Determiner region to its target region 
and initiating target specific PCR 
amplification. The polydeoxyinosine 
linker region forms a bubble-like structure due to lower melting temperature of the polydeoxyinosine bases 
Figure 37. Structure of the dual priming oligonucleotide primer and 
schematic view of the first and second priming reaction before sequence 
extension is initiated  (Seegene, 2012). 
 76 | P a g e  
 
and are able to base-pair with all four nucleotides bases of adenine, guanine, cytosine, and thymine (Knittel 
& Picard, 1993). The Determiner region will only bind and initiate extension when the Stabilizer region is 
bound and in this case only target-specific extension is initiated (Chun2 et al., 2007).  
According to Chen et al., and Kommedal et al., the DPO primer concept act as a promising tool for PCR 
amplification with increased sensitivity and specificity, even under less optimal PCR conditions (Chun2 et 
al., 2007; Kommedal et al., 2012).  
In this study, the Strep16S_1471F and 6R-IGS primers were unable to amplify the ITS1-region from 
clinical and type strains belonging to the following genera; Globicatella, Helcococcus, Lactococcus, and 
Rothia. With the purpose of developing a first-line identification step, a new set of DPO primers were 
developed targeting the ITS1-region of Gram-positive, catalase-negative, coccal shaped non-hemolytic 
streptococci and Streptococcus-like genera. Today, even more 16S and 23S rRNA gene sequences were 
submitted to Genbank derived from a greater number of non-hemolytic streptococci and Streptococcus-like 
genera. DPO-16SF and DPO-23SR primers were designed based on conserved regions of the 3’prime end of 
the 16S rRNA gene and the 5’prime end of the 23S rRNA gene. The five bp polydeoxyinosine linker regions 
were located in regions with nucleotide polymorphisms. Due to limited time frame, these primers were not 
tested yet. 
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Appendix I  
Comparison of identifications obtained from the phenotypic examinations, 16S rRNA gene sequence-, and MALDI-TOF MS analysis 
 
The Table 19 below shows the obtained identifications of the clinical strains from the phenotypic examinations, 16S rRNA gene sequence-, and the MALDI-TOF MS analysis. Finally, 
comparisons of these three identifications were performed for each strain. This table shows also identifications obtained from the ITS1-region sequence analysis. 
 
 
Strain ID Phenotypic identifications 
16S rRNA gene sequence 
identifications 
MALDI-TOF MS identifications a 
Identifications based on the 
phenotypic examinations, 16S 
rRNA gene sequence-, and 
MALDI-TOF MS analysis 
 
ITS1-region sequence 
identifications 
Abiotrophia defectiva, n = 2   
SSI-253  A. defectiva A. defectiva A. defectiva A. defectiva A. defectiva 
SSI-3998  A. defectiva A. defectiva A. defectiva A. defectiva A. defectiva 
Aerococcus christensenii, n = 3   
SSI-3184  Aerococcus species Aerococcus christensenii Aerococcus christensenii Aerococcus christensenii Aerococcus christensenii 
SSI-3251  Aerococcus christensenii * Aerococcus christensenii Aerococcus christensenii Aerococcus christensenii 
SSI-3252  Aerococcus christensenii * Aerococcus christensenii Aerococcus christensenii Aerococcus christensenii 
Aerococcus sanguinicola, n = 5  
SSI-1584  * * Aerococcus sanguinicola Aerococcus sanguinicola Aerococcus sanguinicola 
SSI-4094  * Aerococcus sanguinicola  Aerococcus sanguinicola Aerococcus sanguinicola Aerococcus sanguinicola 
SSI-4486  Aerococcus sanguinicola Aerococcus sanguinicola Aerococcus sanguinicola Aerococcus sanguinicola Aerococcus sanguinicola 
SSI-4896  Aerococcus sanguinicola Aerococcus sanguinicola Aerococcus sanguinicola Aerococcus sanguinicola Aerococcus sanguinicola 
SSI-4944  Aerococcus sanguinicola Aerococcus sanguinicola Aerococcus sanguinicola Aerococcus sanguinicola Aerococcus sanguinicola 
Aerococcus urinae, n = 27  
SSI-131  Aerococcus urinae * Aerococcus urinae Aerococcus urinae Aerococcus urinae 
SSI-790  * Aerococcus urinae Aerococcus urinae Aerococcus urinae Aerococcus urinae 
SSI-940  Aerococcus urinae * Aerococcus urinae Aerococcus urinae Aerococcus urinae 
SSI-972  Aerococcus urinae * Aerococcus urinae Aerococcus urinae Aerococcus urinae 
SSI-980  Aerococcus urinae * Aerococcus urinae Aerococcus urinae Aerococcus urinae 
SSI-998  Aerococcus urinae Aerococcus urinae Aerococcus urinae Aerococcus urinae Aerococcus urinae 
SSI-1245       Aerococcus urinae * Aerococcus urinae Aerococcus urinae Aerococcus urinae 
SSI-1508  Aerococcus urinae * Aerococcus urinae Aerococcus urinae Aerococcus urinae 
SSI-1640  Aerococcus urinae Aerococcus urinae Aerococcus urinae Aerococcus urinae Aerococcus urinae 
SSI-1999  * * Aerococcus urinae Aerococcus urinae Aerococcus urinae 
SSI-2449  Aerococcus urinae * Aerococcus urinae Aerococcus urinae Aerococcus urinae 
SSI-2530  Aerococcus urinae * Aerococcus urinae Aerococcus urinae Aerococcus urinae 
SSI-3103  Aerococcus urinae * Aerococcus urinae Aerococcus urinae Aerococcus urinae 
Table 19. Identifications obtained from the phenotypic examinations, 16S rRNA gene sequence-, and MALDI-TOF MS analysis.  
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SSI-3104  Aerococcus urinae * Aerococcus urinae Aerococcus urinae Aerococcus urinae 
SSI-3140  Aerococcus urinae Aerococcus urinae Aerococcus urinae Aerococcus urinae Aerococcus urinae 
SSI-3242  Aerococcus urinae Aerococcus urinae Aerococcus urinae Aerococcus urinae Aerococcus urinae 
SSI-3248  Aerococcus urinae Aerococcus urinae Aerococcus urinae Aerococcus urinae Aerococcus urinae 
SSI-3250  Aerococcus urinae Aerococcus urinae Aerococcus urinae Aerococcus urinae Aerococcus urinae 
SSI-3459  Aerococcus urinae * Aerococcus urinae Aerococcus urinae Aerococcus urinae 
SSI-3571  Aerococcus urinae * Aerococcus urinae Aerococcus urinae Aerococcus urinae 
SSI-3640 Aerococcus urinae * Aerococcus urinae Aerococcus urinae Aerococcus urinae 
SSI-3852  Aerococcus urinae Aerococcus urinae Aerococcus urinae Aerococcus urinae Aerococcus urinae 
SSI-3910  Aerococcus urinae Aerococcus urinae Aerococcus urinae Aerococcus urinae Aerococcus urinae 
SSI-4157  Aerococcus urinae Aerococcus urinae Aerococcus urinae Aerococcus urinae Aerococcus urinae 
SSI-4410  Aerococcus urinae Aerococcus urinae Aerococcus urinae Aerococcus urinae Aerococcus urinae 
SSI-4725 Aerococcus urinae * Aerococcus urinae Aerococcus urinae Aerococcus urinae 
SSI-4755  Aerococcus urinae * Aerococcus urinae Aerococcus urinae Aerococcus urinae 
Aerococcus viridans, n = 2  
SSI-3270  Aerococcus viridans Aerococcus viridans 
Probably genus  Aerococcus,  
(Aerococcus viridans) 
Aerococcus viridans Aerococcus viridans 
SSI-3363  Aerococcus viridans Aerococcus viridans 
Probably genus Aerococcus  
or Pediococcus, (Aerococcus viridans or  
Pediococcus urinaeequi) d 
Aerococcus viridans 
 
Aerococcus viridans 
Gemella bergeri, n = 4  
SSI-3639  Gemella species Gemella species Gemella bergeri Gemella bergeri Gemella bergeri 
SSI-3810  Gemella bergeri - Gemella bergeri Gemella bergeri Gemella bergeri 
SSI-4700  Gemella bergeri Gemella bergeri Gemella bergeri Gemella bergeri Gemella bergeri 
SSI-4984  Gemella species Gemella species Gemella bergeri Gemella bergeri Gemella bergeri 
Gemella haemolysans, n = 3  
SSI-652  Gemella haemolysans Gemella haemolysans 
Secure genus Gemella,  
probably Gemella haemolysans 
Gemella haemolysans Gemella haemolysans 
SSI-785  Gemella species Gemella species Highly probably Gemella haemolysans Gemella haemolysans Gemella haemolysans 
SSI-1237 Gemella species Gemella species Highly probably Gemella haemolysans Gemella haemolysans  Gemella haemolysans 
Gemella morbillorum, n = 8  
SSI-203  Gemella species Gemella morbillorum 
Probably genus Gemella  
(Gemella morbillorum) 
Gemella morbillorum Gemella morbillorum 
SSI-1102  Gemella morbillorum Gemella morbillorum 
Probably genus Gemella  
(Gemella morbillorum) 
Gemella morbillorum Gemella morbillorum 
SSI-1103  Gemella morbillorum Gemella morbillorum 
Secure genus Gemella,  
probably Gemella morbillorum 
Gemella morbillorum Gemella morbillorum 
SSI-2996  Gemella morbillorum Gemella morbillorum 
Secure genus Gemella,  
probably Gemella morbillorum  
Gemella morbillorum Gemella morbillorum 
SSI-3185  Gemella species Gemella morbillorum 
Secure genus Gemella,  
probably Gemella morbillorum  
Gemella morbillorum Gemella morbillorum 
SSI-3190  Gemella morbillorum Gemella morbillorum 
Probably genus Gemella,  
(Gemella morbillorum or Gemella 
cuniculi) 
Gemella morbillorum Gemella morbillorum 
SSI-4025  Gemella species Gemella species Gemella morbillorum Gemella morbillorum  Gemella morbillorum  
SSI-4607  Gemella species Gemella morbillorum Probably genus Gemella  Gemella morbillorum Gemella morbillorum 
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(Gemella morbillorum) 
Gemella sanguinis, n = 1   
SSI-317  Gemella species Gemella sanguinis Highly probably Gemella sanguinis Gemella sanguinis Gemella sanguinis 
Globicatella sulfidifaciens or Gemella sanguinis, n = 3   
SSI-845 * * 
Globicatella sulfidifaciens or Globicatella 
sanguinis 
Globicatella sulfidifaciens or 
Globicatella sanguinis 
 
** 
SSI-3563 * * 
Globicatella sulfidifaciens or Globicatella 
sanguinis 
Globicatella sulfidifaciens or 
Globicatella sanguinis 
 
** 
SSI-3591 Gram-positive coccus Globicatella sanguinis 
Globicatella sulfidifaciens or Globicatella 
sanguinis 
Globicatella sulfidifaciens or 
Globicatella sanguinis 
 
** 
Granulicatella adiacens, n = 8  
SSI-45  Granulicatella adiacens Granulicatella adiacens Granulicatella adiacens Granulicatella adiacens Granulicatella adiacens 
SSI-386  Streptococcus species b Granulicatella adiacens  Granulicatella adiacens Granulicatella adiacens  Granulicatella adiacens 
SSI-3282  Granulicatella species Granulicatella adiacens Granulicatella  species Granulicatella adiacens  Granulicatella adiacens 
SSI-3624  
Abiotrophia adiacens c   
Granulicatella adiacens  
Granulicatella species Granulicatella adiacens Granulicatella adiacens  Granulicatella adiacens  
SSI-3748  Abiotrophia species c --- Granulicatella adiacens Granulicatella adiacens Granulicatella adiacens 
SSI-3999  Abiotrophia species c Granulicatella adiacens Granulicatella adiacens Granulicatella adiacens Granulicatella adiacens 
SSI-4250  Granulicatella adiacens Granulicatella adiacens Granulicatella adiacens Granulicatella adiacens Granulicatella adiacens 
SSI-4469  Granulicatella adiacens Granulicatella adiacens Granulicatella adiacens Granulicatella adiacens Granulicatella adiacens 
Granulicatella elegans, n = 1  
SSI-4533  Granulicatella elegans Granulicatella elegans Granulicatella elegans Granulicatella elegans Granulicatella elegans 
Helcococcus kunzii, n = 1  
SSI-3590  Helcococcus kunzii Helcococcu kunzii Helcoccus kunzii Helcococcus kunzii ** 
Lactococcus lactis, n = 5  
SSI-1149  Leuconostoc lactis Leuconostoc lactis Highly probably Leuconostoc lactis Leuconostoc lactis ** 
SSI-1348  Lactococcus species Leuconostoc lactis Highly probably Leuconostoc lactis Leuconostoc lactis ** 
SSI-3156  Leuconostoc lactis Leuconostoc lactis 
Probably genus  Lactococcus  
(Leuconostoc lactis) 
Leuconostoc lactis ** 
SSI-3419  Leuconostoc lactis --- Highly probably Leuconostoc lactis Leuconostoc lactis ** 
SSI-4411  Lactococcus species Leuconostoc lactis Highly probably Leuconostoc lactis Leuconostoc lactis ** 
Leuconostoc citreum, n = 1  
SSI-3245  Leuconostoc species Leuconostoc citreum Leuconostoc citreum  Leuconostoc citreum Leuconostoc citreum 
Leuconostoc pseudomesenteroides, n = 2  
SSI-1571  Leuconostoc species L. pseudomesenteroides L. pseudomesenteroides 
Leuconostoc 
pseudomesenteroides 
Leuconostoc 
pseudomesenteroides 
SSI-4100  Leuconostoc species Leuconostoc species 
Probably genus Leuconostoc,  
(Leuconostoc pseudomesenteroides) 
Leuconostoc 
pseudomesenteroides 
Leuconostoc 
pseudomesenteroides 
Rothia aeria, n = 2  
SSI-1025  Gram positive organism Rothia species Rothia aeria Rothia  aeria ** 
SSI-3352  Gram positive organism Rothia aeria Rothia aeria Rothia aeria ** 
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Strain ID Phenotypic identification 
16S rRNA gene sequence 
identification 
MALDI-TOF MS identification a 
Identification based on the 
phenotypic examinations, 16S 
rRNA gene sequence-, and 
MALDI-TOF MS analysis  
ITS1-region sequence 
identification 
The non-uniformly identified clinical strains based on the phenotypic examinations, 16S rRNA gene sequence-, and MALDI-TOF MS analysis, n = 9  
SSI-264  Gemella morbillorum Gemella morbillorum 
Secure genus Gemella species,  
probably Gemella haemolysans 
Gemella morbillorum or  
Gemella haemolysans 
Gemella haemolysans or  
Gemella morbillorum 
SSI-704  Gram positive cocci  Rothia species Rothia species Rothia species  ** 
SSI-1050  Leuconostoc species 
Leuconostoc garlicum or 
Leuconostoc lactis 
Leuconostoc lactis 
Leuconostoc garlicum or 
Leuconostoc lactis 
Leuconostoc lactis 
SSI-1118  Gemella species Gemella morbillorum 
Secure genus Gemella, probably  
Gemella morbillorum or Gemella 
cuniculi 
Gemella morbillorum or  
Gemella cuniculi 
Gemella morbillorum 
SSI-1477  Gemella morbillorum * 
Secure genus Gemella, probably  
Gemella morbillorum or Gemella 
haemolysans 
Gemella morbillorum or  
Gemella haemolysans 
Gemella morbillorum 
SSI-3768  Gemella haemolysans Gemella haemolysans 
Highly probably Gemella haemolysans 
or Gemella morbillorum 
Gemella haemolysans or 
Gemella morbillorum 
 Gemella haemolysans or 
Gemella morbillorum 
SSI-4248  Gemella species Gemella species 
Gemella species, probably 
Gemella haemolysans or Gemella 
cuniculi 
Gemella haemolysans or  
Gemella cuniculi 
 
Gemella haemolysans 
SSI-4628  Gemella species Gemella species Gemella species Gemella species Gemella morbillorum 
SSI-4937  Leuconostoc species Leuconostoc garlicum Leuconostoc lactis 
Leuconostoc garlicum or 
Leuconostoc lactis 
Leuconostoc lactis 
* Identifications not stated 
** None PCR amplification of the ITS1-region with the Strep16S_1471F and 6R-IGS primers. 
a
 Identification based on the MALDI-TOF MS Biotyper 2.0SR1, build 223.8 database extended with CCUG purchased type strains spectra (Christensen et al., 2012). 
b 
The
 
SSI-386 strain was identified as Granulicatella adiacens with the 16S rRNA gene sequence- and MALDI-TOF MS analysis, but as a Streptococcus species with the phenotypic 
examinations. Granulicatella adiacens was previously described as nutritionally variant streptococci species (Bouvet, Grimont, & Grimont, 1989; Collins & Lawson, 2000).  
c 
Some species of Abiotrophia and Abiotrophia adiacens were reclassified as the genus Granulicatella strains and as Granulicatella adiacens (Collins & Lawson, 2000). 
d 
The Pediococcus urinaeequi was later reclassified as Aerococcus urinaeequi  (Felis, Torriani, & Dellaglio, 2005). 
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Inter- and intraspecies ITS1-region distance calculations  
 
Genus Aerococcus 
 
Aerococcus type strain ITS1-region interspecies distances 
  1 2 3 4 5 
1 Aerococcus_urinaehominis_CCUG_42038B_T      
2 Aerococcus_viridans_CCUG_4311_T 0.136     
3 Aerococcus_sanguinicola_CCUG_43001_T 0.238 0.216    
4 Aerococcus_suis_CCUG_52530_T 0.162 0.149 0.178   
5 Aerococcus_christensenii_CCUG_28831_T 0.163 0.169 0.224 0.162  
6 Aerococcus_urinae_CCUG_36881_T 0.204 0.242 0.266 0.213 0.121 
 
 
Aerococcus christensenii ITS1-region intraspecies distances  
  1 2 3 
1 Aerococcus_christensenii_SSI_3251    
2 Aerococcus_christensenii_SSI_3252 0.000   
3 Aerococcus_christensenii_CCUG_28831_T 0.000 0.000  
4 Aerococcus_christensenii_SSI_3184 0.014 0.014 0.014 
 
 
Aerococcus sanguinicola ITS1-region intraspecies distances  
  1 2 3 4 5 
1 Aerococcus_sanguinicola_CCUG_43001_T      
2 Aerococcus_sanguinicola_SSI_1584 0.000     
3 Aerococcus_sanguinicola_SSI_4094 0.000 0.000    
4 Aerococcus_sanguinicola_SSI_4486 0.000 0.000 0.000   
5 Aerococcus_sanguinicola_SSI_4944 0.000 0.000 0.000 0.000  
6 Aerococcus_sanguinicola_SSI_4496 0.000 0.000 0.000 0.000 0.000 
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Aerococcus urinae ITS1-region intraspecies distances  
  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 
1 Aerococcus urinae_CCUG_36881_T                            
2 Aerococcus_urinae_SSI-3140 0.0                           
3 Aerococcus_urinae_SSI-131 0.0 0.0                          
4 Aerococcus_urinae_SSI-790 0.0 0.0 0.0                         
5 Aerococcus_urinae_SSI-940 0.0 0.0 0.0 0.0                        
6 Aerococcus_urinae_SSI-972 0.0 0.0 0.0 0.0 0.0                       
7 Aerococcus_urinae_SSI-980 0.0 0.0 0.0 0.0 0.0 0.0                      
8 Aerococcus_urinae_SSI-998 0.0 0.0 0.0 0.0 0.0 0.0 0.0                     
9 Aerococcus_urinae_SSI-1245 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0                    
10 Aerococcus_urinae_SSI-1508 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0                   
11 Aerococcus_urinae_SSI-1640 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0                  
12 Aerococcus_urinae_SSI-1999 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0                 
13 Aerococcus_urinae_SSI-2449 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0                
14 Aerococcus_urinae_SSI-253 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0               
15 Aerococcus_urinae_SSI-3103 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0              
16 Aerococcus_urinae_SSI-3104 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0             
17 Aerococcus_urinae_SSI-3242 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0            
18 Aerococcus_urinae_SSI-3248 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0           
19 Aerococcus_urinae_SSI-3571 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0          
20 Aerococcus_urinae_SSI-4755 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0         
21 Aerococcus_urinae_SSI-4725 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0        
22 Aerococcus_urinae_SSI-4410 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0       
23 Aerococcus_urinae_SSI-4157 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0      
24 Aerococcus_urinae_SSI-3910 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0     
25 Aerococcus_urinae_SSI-3852 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0    
26 Aerococcus_urinae_SSI-3640 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
27 Aerococcus_urinae_SSI-3459 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  
28 Aerococcus_urinae_SSI-3250 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
 
 
 
 
  
 
98 
 
Aerococcus viridans ITS1-region intraspecies distances  
  1 2 
1 Aerococcus_viridans_CCUG_4311_T   
2 Aerococcus_viridans_SSI_3363 0.004  
3 Aerococcus_viridans_SSI_3270 0.031 0.031 
 
 
Genus Abiotrophia 
Ab. defectiva ITS1-region intraspecies distances  
  1 2 
1 Abiotrophia_defectiva_CCUG_27639_T   
2 Abiotrophia_defectiva_SSI_3998 0.000  
3 Abiotrophia_defectiva_SSI_253 0.009 0.009 
 
 
Genus Gemella 
Gemella type strain ITS1-region interspecies distances 
  1 2 3 4 5 
1 Gemella_haemolysans_CCUG_37985_T      
2 Gemella_morbillorum_CCUG_18164_T 0.025     
3 Gemella_sanguinis_CCUG_37820_T 0.044 0.038    
4 Gemella_palaticanis_CCUG_39489_T 0.031 0.044 0.038   
5 Gemella_bergeri_CCUG_37817_T 0.078 0.078 0.099 0.106  
6 Gemella_cuniculiculi_CCUG_42726_T 0.084 0.098 0.105 0.113 0.064 
 
 
Gemella bergeri ITS1-region intraspecies distances  
  1 2 3 4 
1 Gemella_bergeri_CCUG_37817_T     
2 Gemella_bergeri_SSI_3639 0.000    
3 Gemella_bergeri_SSI_3810 0.000 0.000   
4 Gemella_bergeri_SSI_4700 0.000 0.000 0.000  
5 Gemella_bergeri_SSI_4984 0.056 0.056 0.056 0.056 
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Gemella haemolysans ITS1-region intraspecies distances  
  1 2 3 4 
1 Gemella_haemolysans_CCUG_37985_T     
2 Gemella_haemolysans_SSI_652 0.005    
3 Gemella_haemolysans_SSI_1237 0.000 0.005   
4 Gemella_haemolysans_SSI_785 0.005 0.010 0.005  
5 Gemella_haemolysans_SSI_4248 0.010 0.015 0.010 0.005 
 
 
Gemella haemolysans ITS1-region intraspecies distances and the two strains of G. haemolysans or G. morbillorum (SSI-264 and SSI-3768)  
  1 2 3 4 5 6 
1 Gemella_haemolysans/morbillorum_SSI_3768       
2 Gemella_haemolysans/morbillorum_SSI_264 0.000      
3 Gemella_haemolysans_SSI_4248 0.000 0.000     
4 Gemella_haemolysans_SSI_785 0.005 0.005 0.005    
5 Gemella_haemolysans_SSI_1237 0.010 0.010 0.010 0.005   
6 Gemella_haemolysans_CCUG_37985_T 0.010 0.010 0.010 0.005 0.000  
7 Gemella_haemolysans_SSI_652 0.016 0.016 0.016 0.010 0.005 0.005 
 
 
Gemella morbillorum ITS1-region intraspecies distances  
  1 2 3 4 5 6 7 8 9 10 11 
1 Gemella_morbillorum_CCUG_18164_T            
2 Gemella_morbillorum_SSI_4025 0.000           
3 Gemella_morbillorum_SSI_1103 0.005 0.005          
4 Gemella_morbillorum_SSI_1102 0.005 0.005 0.000         
5 Gemella_morbillorum_SSI_3190 0.005 0.005 0.000 0.000        
6 Gemella_morbillorum_SSI_3185 0.005 0.005 0.000 0.000 0.000       
7 Gemella_morbillorum_SSI_1118 0.010 0.010 0.005 0.005 0.005 0.005      
8 Gemella_morbillorum_SSI_1477 0.010 0.010 0.005 0.005 0.005 0.005 0.000     
9 Gemella_morbillorum_SSI_4607 0.010 0.010 0.005 0.005 0.005 0.005 0.000 0.000    
10 Gemella_morbillorum_SSI_4628 0.005 0.005 0.010 0.010 0.010 0.010 0.015 0.015 0.015   
11 Gemella_morbillorum_SSI_2996 0.010 0.010 0.005 0.005 0.005 0.005 0.010 0.010 0.010 0.005  
12 Gemella_morbillorum_SSI_203 0.015 0.015 0.010 0.010 0.010 0.010 0.005 0.005 0.005 0.010 0.005 
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Gemella morbillorum ITS1-region intraspecies distances and the two strains of G. haemolysans or G. morbillorum (SSI-264 and SSI-3768) 
  1 2 3 4 5 6 7 8 9 10 11 12 13 
1 Gemella_morbillorum_SSI_1103              
2 Gemella_morbillorum_SSI_1102 0.000             
3 Gemella_morbillorum_SSI_3190 0.000 0.000            
4 Gemella_morbillorum_SSI_3185 0.000 0.000 0.000           
5 Gemella_morbillorum_CCUG_18164_T 0.005 0.005 0.005 0.005          
6 Gemella_morbillorum_SSI_4025 0.005 0.005 0.005 0.005 0.000         
7 Gemella_morbillorum_SSI_1118 0.005 0.005 0.005 0.005 0.010 0.010        
8 Gemella_morbillorum_SSI_1477 0.005 0.005 0.005 0.005 0.010 0.010 0.000       
9 Gemella_morbillorum_SSI_4607 0.005 0.005 0.005 0.005 0.010 0.010 0.000 0.000      
10 Gemella_morbillorum_SSI_203 0.010 0.010 0.010 0.010 0.015 0.015 0.005 0.005 0.005     
11 Gemella_morbillorum_SSI_4628 0.010 0.010 0.010 0.010 0.005 0.005 0.015 0.015 0.015 0.010    
12 Gemella_morbillorum_SSI_2996 0.005 0.005 0.005 0.005 0.010 0.010 0.010 0.010 0.010 0.005 0.005   
13 Gemella_haemolysans/morbillorum_SSI_264 0.031 0.031 0.031 0.031 0.036 0.036 0.036 0.036 0.036 0.031 0.031 0.025  
14 Gemella_haemolysans/morbillorum_SSI_3768 0.031 0.031 0.031 0.031 0.036 0.036 0.036 0.036 0.036 0.031 0.031 0.025 0.000 
 
 
Gemella sanguinis ITS1-region intraspecies distances  
  1 
1 Gemella_sanguinis_CCUG_37820_T  
2 Gemella_sanguinis_SSI_317 0.000 
 
 
 
Genus Granulicatella 
Granulicatella type strain ITS1-region interspecies distances 
  1 2 
1 Granulicatella_adiacens_ATCC_49175_T   
2 Granulicatella_elegans_CCUG_38949_T 0.112  
3 Granulicatella_balaenopterae_CCUG_37380_T 0.205 0.237 
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Granulicatella adiacens ITS1-region intraspecies distances  
  1 2 3 4 5 6 7 8 
1 Granulicatella_adiacens_SSI_3624         
2 Granulicatella_adiacens_SSI_4250 0.014        
3 Granulicatella_adiacens_SSI_3748 0.014 0.000       
4 Granulicatella_adiacens_SSI_386 0.014 0.000 0.000      
5 Granulicatella_adiacens_SSI_3999 0.014 0.000 0.000 0.000     
6 Granulicatella_adiacens_SSI_45 0.024 0.010 0.010 0.010 0.010    
7 Granulicatella_adiacens_SSI_4469 0.014 0.000 0.000 0.000 0.000 0.010   
8 Granulicatella_adiacens_ATCC_49175_T 0.014 0.000 0.000 0.000 0.000 0.010 0.000  
9 Granulicatella_adiacens_SSI_3282 0.014 0.000 0.000 0.000 0.000 0.010 0.000 0.000 
 
 
Granulicatella elegans ITS1-region intraspecies distances  
  1 
1 Granulicatella_elegans_CCUG_38949_T  
2 Granulicatella_elegans_SSI_4533 0.005 
 
 
 
Genus Leuconostoc 
Leuconostoc type strain ITS1-region interspecies distances 
  1 2 3 
1 Leuconostoc_mesenteroides_ssp_mesenteroides_NRIC_30066_T    
2 Leuconostoc_pseudomesenteroides_NRIC_1777_T 0.067   
3 Leuconostoc_citreum_NRIC_1776_T 0.133 0.124  
4 Leuconostoc_lactis_NRIC_1540_T 0.101 0.111 0.076 
 
 
Leuconostoc citreum ITS1-region intraspecies distances  
  1 
1 Leuconostoc_citreum_NRIC_1776_T  
2 Leuconostoc_citreum_SSI_3245 0.000 
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Leuconostoc lactis ITS1-region intraspecies distances  
  1 2 
1 Leuconostoc_lactis_NRIC_1540_T   
2 Leuconostoc_lactis_SSI_4937 0.008  
3 Leuconostoc_lactis_SSI_1050 0.011 0.016 
 
Leuconostoc pseudomesenteroides ITS1-region intraspecies distances  
  1 2 
1 Leuconostoc_pseudomesenteroides_SSI_1571   
2 Leuconostoc_pseudomesenteroides_SSI_4100 0.000  
3 Leuconostoc_pseudomesenteroides_NRIC_1777_T 0.014 0.014 
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Appendix IIIa 
Poster presented at the 22nd European Congress of Clinical Microbiology and Infectious Diseases, 2012, 
London, UK 
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Appendix IIIb 
Poster presented at the ”Forskningens Dag” 2012, Næstved Hospital, Næstved, DK
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Appendix IIIc  
Poster presented at the 52nd Interscience Conference on Antimicrobial Agents and Chemotherapy, 2012, San Francisco, USA 
